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ABSTRACT
A lt h o u g h  o f  c o n s i d e r a b l e  i n t e r e s t  t o  t h e  c l i n i c i a n  w i s h i n g  t o  u s e  
e l e c t r o m y o g r a p h i c  b i o f e e d b a c k  t r a i n i n g  i n  a m e l i o r a t i n g  s t r e s s  r e l a t e d  
d i s o r d e r s ,  l e a r n i n g  s t r a t e g i e s  f o r  EMC BFT have n o t  b een  e x t e n s i v e l y  
i n v e s t i g a t e d .  Two somewhat d i s p a r a t e  l e a r n i n g  s t r a t e g i e s  were  i n v e s t i ­
g a t e d .  One s t r a t e g y  was d e r i v e d  from A u t o g e n i c  T r a i n i n g  and t h e  o t h e r  
from t h e  P r o g r e s s i v e  R e l a x a t i o n  a p p r o a c h  t o  m u s c l e  r e l a x a t i o n .  The 
l e a r n i n g  s t r a t e g i e s  w ere  e v a l u a t e d  w i t h i n  t h e  c o n t e x t  o f  an  i n t e r a c t i o n  
b etw een  t h e  two t y p e s  o f  i n s t r u c t i o n s  and two t y p e s  o f  f e e d b a c k  s i g n a l ,  
a u d i o  and t a c t i l e .
S u b j e c t s  w ere  a b l e  t o  r e d u c e  s i g n i f i c a n t l y  t h e  a c t i v i t y  o f  t h e i r  
f r o n t a l i s  m u s c l e  d u r i n g  t h e  t r a i n i n g  s e s s i o n s  but no s i g n i f i c a n t  d i f f e r ­
e n c e s  i n  EMG l e v e l s  were  a s s o c i a t e d  w i t h  t h e  two t y p e s  o f  l e a r n i n g  
s t r a t e g i e s .  A u d i t o r y  f e e d b a c k  w a s ,  h o w e v e r ,  a s s o c i a t e d  w i t h  s i g n i f i ­
c a n t l y  lower  l e v e l s  o f  m u s c l e  a c t i v i t y  than  was t a c t i l e  f e e d b a c k .
In  a l l  o f  t h e  t r e a t m e n t  c o n d i t i o n s ,  s u b j e c t s  t e n d e d  t o  adopt  
s i m i l a r  t y p e s  o f  l e a r n i n g  s t r a t e g i e s ,  a p p a r e n t l y  u s i n g  t h e  r e s e a r c h  
i n s t r u c t i o n s  a s  jum pin g  o f f  p o i n t s .  Many o f  t h e  s u b j e c t s  a d o p te d  
s t r a t e g i e s  w h ich  a p p e a r e d  t o  i n v o l v e  c o g n i t i v e  a c t i v i t y  a t t r i b u t e d  p r e ­
d o m i n a n t l y  t o  r i g h t  h e m i s p h e r i c  b r a i n  a c t i v i t y .  The h y p o t h e s i s  t h a t  th e  
r i g h t  h e m is p h e r e  c o u l d  m e d i a t e  EMG BFT, A u t o g e n i c  T r a i n i n g ,  and P r o g r e s ­
s i v e  R e l a x a t i o n  e f f e c t s  i s  d i s c u s s e d .
With  r e g a r d  t o  t h e  o p t i m a l  s t r a t e g y  t o  p r e s e n t  t o  t h e  c l i e n t  or
v i
s u b j e c t  en gaged  i n  EMG BFT, i t  i s  s u g g e s t e d  t h a t  h a v i n g  t h e  p e r s o n  
program h i m s e l f  t o  r e l a x  t h e  a p p r o p r i a t e  m u s c l e  and th e n  h a v i n g  him 
s h i f t  i n t o  r i g h t  h e m i s p h e r i c  a c t i v i t y ,  or s i m p l y  b l o c k  l e f t  h e m i s p h e r i c  
a c t i v i t y ,  would  produce  t h e  b e s t  r e s u l t s .
v i i
INTRODUCTION
Review o f  t h e  L i t e r a t u r e  
I n h a b i t a n t s  o f  t h e  e n v i r o n m e n t s  o f  modern t e c h n o l o g i c a l  s o c i e t i e s  
f r e q u e n t l y  e x p e r i e n c e  i n t e n s e  s t r e s s  r e a c t i o n s .  S i n c e  t h e  e n v ir o n m e n t  
i n  most c a s e s  i s  r e l a t i v e l y  u n c h a n g e a b l e ,  t h e  c l i n i c i a n  who i s  
a t t e m p t i n g  t o  red u c e  t h e  a d v e r s e  e f f e c t s  o f  c h r o n i c  s t r e s s  must t h e r e ­
f o r e  h e l p  t h e  i n d i v i d u a l  a d j u s t .  A c h i e v i n g  some form o f  s e l f - c o n t r o l  
o f  t h e  p h y s i o l o g i c a l  and p s y c h o l o g i c a l  com pon en ts  o f  t h e  i n d i v i d u a l ' s  
s t r e s s  r e a c t i o n  i s  o f t e n  a major  component i n  t h e  i n t e r v e n t i o n  p r o c e s s .
In  t h e  r e c e n t  p a s t  t h e  a p p r o a c h e s  t o  a c q u i r i n g  s e l f - c o n t r o l  have  been  
few i n  number and r a t h e r  l e n g t h y  i n  t h e  t im e  r e q u i r e d  t o  a c h i e v e  
r e s u l t s .  The d e v e l o p m e n t  o f  s o p h i s t i c a t e d  e l e c t r o n i c  eq u ipm ent  c a p a b l e  
o f  t r a n s d u c i n g  p h y s i o l o g i c a l  p r o c e s s e s  i n t o  m e a n i n g f u l ,  u s e f u l  i n f o r m a ­
t i o n  has g r e a t l y  expanded th e  number o f  a p p r o a c h e s  a v a i l a b l e  f o r  h e l p i n g  
th e  c l i e n t  a c h i e v e  some c o n t r o l  o v e r  th e  p h y s i o l o g i c a l  component o f  h i s  
s t r e s s  r e a c t i o n .
" B i o f e e d b a c k  i s  s i m p l y  t h e  f e e d b a c k  o f  b i o l o g i c a l  i n f o r m a t i o n  t o  
t h e  p e r s o n  whose b i o l o g y  i t  i s "  (Brown,  1 9 7 4 ,  p .  4 ) .  A p e r s o n  e n g a g e d  
i n  b i o f e e d b a c k  t r a i n i n g  i s  th u s  a t t e m p t i n g  t o  l e a r n  t o  v o l u n t a r i l y  
m o d i f y  some a s p e c t  o f  h i s  or her  own b i o l o g y  w i t h  the  a i d  o f  t h e  i n f o r m a ­
t i o n  b e i n g  f ed  back e l e c t r o n i c a l l y .  Human s u b j e c t s  have  been  a b l e  t o  
d e m o n s t r a t e  v o l u n t a r y  c o n t r o l  o f  h e a r t  r a t e  ( B e l l  & S c h w a r t z ,  1975;  
H e a d r i c k ,  F e a t h e r  & W e l l s ,  1971;  Lang & Twentyman, 1974;  L e v i n s o n ,
1
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1976; S t e p h e n s ,  H a r r i s ,  Brady & S h a f f e r ,  1975;  Young & B l a n c h a r d ,  1 9 7 4 ) ,  
b lo o d  p r e s s u r e  (B r e n e r  & K le in m an ,  1970;  S c h w a r t z ,  1972;  S ch w ar tz  & 
S h a p i r o ,  1973;  S c h w a r t z ,  S h a p i r o  & T u r s k y ,  1971;  S h a p i r o ,  S ch w artz  & 
T u r s k y ,  1972;  Y a t e s ,  1 9 7 5 ) ,  a l p h a  and t h e t a  EEG rhythms (Brown, 1974;  
T r a v i s ,  Rondo & K n o t t ,  1 9 7 5 ) ,  t i s s u e  t e m p e r a t u r e  (Taub,  i n  p r e s s ;
Y a t e s ,  1 9 7 5 ) ,  GSR ( K l i n g e ,  1972;  Wagner,  B o u r g e o i s ,  L ev en so n  & D e n t o n ,  
1 9 7 4 ) ,  s tom ach  Ph (W elgan ,  1974;  W h i t e h e a d ,  R e n a u l t  & G o ld iam on d,  1 9 7 5 ) ,  
and t h e  a c t i v i t y  l e v e l  o f  s k e l e t a l  m u s c l e s  ( S t o y v a  & B u d z y n s k i , 1974;  
Y a t e s ,  1 9 7 5 ) .
Of t h e  many a s p e c t s  o f  p h y s i o l o g y  w h ic h  s u b j e c t s  have been  a b l e  
t o  l e a r n  t o  m o d i f y  w i t h  b i o f e e d b a c k ,  t h e  c l i n i c a l  u s e f u l n e s s  o f  c o n t r o l  
o f  s k e l e t a l  m u s c le  a c t i v i t y  has  b een  t h e  most  c l e a r l y  d e m o n s t r a t e d .
P r i o r  t o  t h e  a d v e n t  o f  b i o f e e d b a c k  t h e  works  o f  J a c o b s o n  ( 1 9 3 8 ,  1 9 7 0 ) ,  
Luthe ( 1 9 6 9 ) ,  S c h u l t z  & Luthe  ( 1 9 5 9 )  and Wolpe ( 1 9 5 9 )  c l e a r l y  demon­
s t r a t e d  th e  u s e f u l n e s s  o f  s k e l e t a l  m u s c l e  r e l a x a t i o n  t o  c l i n i c a l  i n t e r ­
v e n t i o n ,  G o l d f r i e d  ( 1 9 7 1 ) ,  G o l d f r i e d  & T r i e r  ( 1 9 7 4 ) ,  Sherman ( 1 9 7 5 ) ,  
Sherman & Plummer ( 1 9 7 3 ) ,  and Zenraore ( 1 9 7 5 )  have  d e m o n s t r a t e d  th e  
b e n e f i t s  o f  t h e s e  c l a s s i c  a p p r o a c h e s  t o  m u s c l e  r e l a x a t i o n  f o r  c l i n i c a l l y  
normal p o p u l a t i o n s .
The m ajor  d i f f i c u l t y  w i t h  t h e s e  c l a s s i c  t e c h n i q u e s  f o r  t e a c h i n g  
m u s c le  r e l a x a t i o n  i s  t h e  r e l a t i v e  i n a c c e s s i b i l i t y  t o  o b s e r v a t i o n  and 
measurement  o f  t h e  p s y c h o l o g i c a l  and p h y s i o l o g i c a l  p r o c e s s e s  i n v o l v e d  
i n  l e a r n i n g  t o  r e l a x  t h e  m u s c l e s .  There  i s  a l s o  t h e  somewhat e x t e n d e d  
amount o f  t im e  w h ich  i s  r e q u i r e d  t o  l e a r n  t h e  a p p r o p r i a t e  " r e l a x e d "  
r e s p o n s e .
M yographic  f e e d b a c k  i n s t r u m e n t a t i o n ,  h o w e v e r ,  g i v e s  t h e  c l i n i c i a n
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a s  w e l l  a s  t h e  c l i e n t  a c c u r a t e ,  r e l i a b l e  i n f o r m a t i o n  on t h e  a c t u a l  
t e n s i o n  l e v e l s  o f  t h e  c l i e n t ' s  m u s c l e s .  D e t e r m i n i n g  w h e th e r  or n o t  t h e  
c l i e n t  i s  a c t u a l l y  r e l a x e d  no l o n g e r  rem ains  a m a t t e r  o f  s u b j e c t i v e  
o p i n i o n  o f  t h e  c l i n i c i a n  and o f  th e  c l i e n t ;  b o th  have  t h e  same o b j e c ­
t i v e  i n f o r m a t i o n .  The c l i n i c i a n  i s  t h e r e f o r e  a b l e  t o  d e a l  d i r e c t l y  
w i t h  t h e  c l i e n t ' s  l e a r n i n g  p r o c e s s  and t h e  c l i e n t  d o e s  not  have t o  g u e s s  
what b e i n g  " r e l a x e d "  i s  or  w h e th e r  he or  sh e  i s  r e l a x e d  " enough ."  The 
c l i n i c i a n  and t h e  c l i e n t  can b o th  know, w i t h  c o n s i d e r a b l e  p r e c i s i o n ,  
how r e l a x e d  or how t e n s e  t h e  c l i e n t ' s  m u s c l e s  r e a l l y  a r e .
B i o f e e d b a c k  t r a i n i n g  (BFT) a l s o  a p p e a r s  t o  f a c i l i t a t e  c o n s i d e r a b l y  
t h e  s p eed  w i t h  w hich  s u b j e c t s  l e a r n  t o  d e c r e a s e  t h e i r  m u s c l e ' s  e l e c t r o ­
m y ograp h ic  (EMC) a c t i v i t y .  "Not o n l y  d i d  b i o f e e d b a c k  p roduce  low er  
l e v e l s  o f  f r o n t a l i s  EMG a c t i v i t y ,  i t  lo w ere d  EMG a c t i v i t y  f a s t e r  th an  
t h e  o t h e r  methods  o f  r e l a x a t i o n  t r a i n i n g "  ( H a y n e s ,  M o s e l e y  & McGowan, 
1 9 7 5 ,  p.  5 5 0 ) .  R e i k i n g  & Kohl ( 1 9 7 5 )  r e p o r t e d  s i m i l a r  f i n d i n g s .  
L e i b r e c h t ,  Lloyd  & Pounder ( 1 9 7 3 )  found i n  a s t u d y  o f  v o l u n t a r y  c o n t r o l  
o f  s i n g l e  motor u n i t s  o f  s k e l e t a l  m u s c l e s  t h a t  b i o f e e d b a c k  i n c r e a s e d  
t h e  s p eed  o f  l e a r n i n g  s i x  t i m e s .  S u b j e c t s  i n  t h e i r  b i o f e e d b a c k  and 
v e r b a l  f e e d b a c k  c o n d i t i o n s  seemed t o  l e a r n  t h e  same s k i l l ,  h o w e v e r .
They c i t e d  th e  d i r e c t ,  i n s t a n t a n e o u s  and more d i f f e r e n t i a t e d  q u a l i t i e s  
o f  th e  b i o f e e d b a c k  s i g n a l  a s  t h e  m a jo r  f a c t o r s  i n f l u e n c i n g  t h e  g r e a t e r  
s p eed  o f  l e a r n i n g .
In  c l i n i c a l  a p p l i c a t i o n s  EMG BFT h a s  b e e n  d e m o n s t r a t e d  t o  be 
e f f e c t i v e  i n  a m e l i o r a t i n g  t e n s i o n  h ea d a ch e  ( s e e  S to y v a  & B u d z y n s k i ,
1974 and Y a t e s ,  1975 f o r  r e v i e w s ) ,  r e d u c i n g  c h r o n i c  a n x i e t y  ( R a s k i n ,  
Joh n so n  & R o n d e s t v e d t , 1973;  Townsend,  House & A d d a r i o ,  1 9 7 5 ) ,
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m o d i f y i n g  c h r o n i c  a l c o h o l  a b u se  ( S t e f f e n ,  1975)  and a s  an i m p o r t a n t  
LirsL s t e p  in  a l t e r i n g  the  manner i n  w h ich  p e o p l e  r e s p o n d  t o  s t r e s s  
( S t o y v a  & B u d z y n s k i ,  1 9 7 4 ) ,  A d d i t i o n a l l y ,  EMG BFT a p p e a r s  t o  be q u i t e  
e f f e c t i v e  i n  t h e  d e s e n s i t i z a t i o n  o f  p h o b ic  a n x i e t y  (H. L. R u s s e l l ,  
p e r s o n a l  c o m m u n ic a t io n ,  1 9 7 6 ) .  B lan ch ard  & Young ( 1 9 7 4 )  have  c o n c l u d e d  
t h a t ,  "The work on t h e  a p p l i c a t i o n  o f  EMG f e e d b a c k  t r a i n i n g  t o  c l i n i c a l  
p rob lem s  i s  t h e  o l d e s t  and s o u n d e s t  work i n  t h e  b i o f e e d b a c k  a rea "  ( p .  
5 7 9 ) .
The b e s t  p r o c e d u r e  f o r  t e a c h i n g  m u s c l e  r e l a x a t i o n  v i a  e l e c t r o ­
m y ograp h ic  b i o f e e d b a c k  t r a i n i n g  i s  o b v i o u s l y  o f  i n t e r e s t  t o  th e  
c l i n i c i a n  who w i s h e s  t o  work w i t h  t h i s  a p p r o a c h  t o  m u s c l e  r e l a x a t i o n .  
A lt h o u g h  t h e  e x a c t  p r o c e s s  by w h ich  an i n d i v i d u a l  l e a r n s  v o l u n t a r y  
c o n t r o l  o f  t h e  a c t i v i t y  o f  h i s  m u s c l e s  v i a  BFT i s  n o t  e n t i r e l y  c l e a r ,  
r e s e a r c h  has  b een  c o n d u c t e d  which  g i v e s  a f a i r l y  c l e a r  p i c t u r e  o f  some 
o f  t h e  r e l e v a n t  f a c t o r s  i n v o l v e d .  With r e g a r d  t o  t h e  n e u r o l o g i c a l  
p r o c e s s e s  w h ich  may be i n v o l v e d ,  B a s m a j ia n  ( 1 9 6 3 )  h a s  s t a t e d  t h a t  i n  
t h e  v o l u n t a r y  c o n t r o l  o f  s i n g l e  m otor  u n i t s  o f  s k e l e t a l  m u s c l e ,  " p a t h ­
ways from t h e  c e r e b r a l  c o r t e x  can  be made t o  s t i m u l a t e  s i n g l e  a n t e r i o r  
horn c e l l s  w h i l e  n e i g h b o r i n g  a n t e r i o r  horn c e l l s  rem ain  dormant or a r e  
d e p r e s s e d "  ( p .  4 4 1 ) .  S m ith ,  B a s m a j ia n  & V a n d e r s t o e p  ( 1 9 7 4 )  have  f u r t h e r  
v a l i d a t e d  t h i s  e x p l a n a t i o n .  T a n j i  & Kato have  s t a t e d  t h a t  " th e  c o r t i c a l  
motor p o t e n t i a l  r e l a t e d  t o  d i s c h a r g e  o f  a s i n g l e  m otor  u n i t  i s  about  
th e  same s i z e  a s  t h a t  r e l a t e d  t o  th e  c o n t r a c t i o n  o f  w hole  m u s c l e s "  (p .  
3 4 6 1 .  They g o  on t o  s t a t e  t h a t  su ch  a l a r g e  c o r t i c a l  p o t e n t i a l  "may 
s u g g e s t  t h a t  c e r e b r a l  mechanisms p l a y  same im p o r ta n t  r o l e  i n  s i n g l i n g  
out  a m otor  u n i t "  ( p .  3 4 6 ) .  G r e e n ,  Green & W a l t e r s  ( 1 9 7 4 )  have r e p o r t e d
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t h a t ,
The c h a i n  o f  e v e n t s  i n v o l v e d  i n  b i o f e e d b a c k  f o r  c o n t r o l  o f  
au ton om ic  p r o c e s s e s  m igh t  be h y p o t h e s i z e d  a s  f o l l o w s :
P e r c e p t i o n  o f  s o m a t i c  b e h a v i o r  ( t h r o u g h  b i o f e e d b a c k )  
c o r t i c a l  ( c o g n i t i v e )  e l a b o r a t i o n  — ^ l i m b i c  ( e m o t i o n a l )  
r e s p o n s e  — ^ h y p o t h a l a m i c  r e s p o n s e  — ^ a u t o n o m i c  r e s p o n s e
— ^ s o m a t i c  r e s p o n s e   ^ p e r c e p t i o n  o f  s o m a t i c  b e h a v i o r ,
e t c .  How v o l i t i o n  e n t e r s  i n t o  t h i s  scheme f o r  s e l f -  
r e g u l a t i o n  i s  n o t  e a s y  t o  s a y ,  but i n  any  e v e n t  e a c h  p e r s o n  
becomes  h i s  own programmer,  s o  t o  s p e a k ,  when, th ro u g h  
b i o f e e d b a c k ,  s e l f - r e g u l a t i o n  o f  a p h y s i o l o g i c a l  p r o c e s s  i s  
e s t a b l i s h e d  ( p .  1 5 8 ) ,
On a more m olar  l e v e l  o f  d i s c o u r s e  Brown h as  s t a t e d  t h a t ,
t h e  i n f o r m a t i o n  b e i n g  f e d  back  by m o n i t o r s  i s  not  s i m p l e  s e n s o r y  
i n f o r m a t i o n  t o  be p e r c e i v e d  by t h e  s e n s i n g  o r g a n s .  I t  i s  
c o m p l e x ,  i d e a t i o n a l ,  a b s t r a c t ,  s y m b o l i c ,  a s s o c i a t i r  ‘- ' form a­
t i o n  r e q u i r i n g  c o g n i t i v e  e f f o r t  b e f o r e  i t  can be a p p n  
I n  t h e  b i o - f e e d b a c k  phenomenon t h e  mind seems t o  be c a p a b l e  u i  
r e s p o n d i n g  d i r e c t l y  t o  an a b s t r a c t  symbol ( p .  1 5 4 ) .
I t  would a p p e a r  t h a t  d u r i n g  EMG BFT s u b j e c t s  a r e  e n g a g e d  i n  same s o r t
o f  c o r t i c a l ,  c o n s c i o u s l y  w i l l f u l ,  c o g n i t i v e  p r o c e s s  a s  t h e y  l e a r n
v o l u n t a r y  c o n t r o l  o f  t h e i r  m u s c l e  a c t i v i t y .  The l e a r n i n g  s t r a t e g i e s
and c o g n i t i v e  m echanism s  i n v o l v e d  i n  EMG BFT have y e t  t o  be c l e a r l y
d e l i n e a t e d  and u n d e r s t o o d .
There  a r e  two f a c t o r s  w hich  a p p ea r  t o  be most c l e a r l y  i n v o l v e d  i n  
th e  l e a r n i n g  p r o c e s s  o f  EMG BFT, t h e  t y p e  o f  l e a r n i n g  s t r a t e g y  g i v e n  t o  
t h e  i n d i v i d u a l  v i a  i n s t r u c t i o n s  and t h e  t y p e  o f  f e e d b a c k  s i g n a l  a v a i l ­
a b l e  t o  t h e  i n d i v i d u a l .  C o u r se y  ( 1 9 7 5 )  h a s  s u g g e s t e d  t h a t ,  " A c h i e v i n g  
red u ced  l e v e l s  o f  m u s c u l a r  t e n s i o n  . . . may be l i k e  a c h i e v i n g  any  o t h e r
m otor  s k i l l .  A l t h o u g h  a s p e c t s  o f  r e d u c i n g  m u s c l e  t e n s i o n  may c o n s i s t  o f  
s e l f - i n s t r u c t i o n ,  much o f  t h e  t e n s i o n  r e d u c t i o n  i s  a c c o m p l i s h e d  i n  a 
n o n v e r b a l  manner" ( p .  8 3 2 ) .  C o u r s e y * s  h y p o t h e s i s  a p p e a r s  d i r e c t l y  
r e l a t e d  t o  J a c o b s o n ' s  a p p r o a c h  t o  t e a c h i n g  re d u c e d  m u s c l e  t e n s i o n .
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J a c o b s o n  ( 1 9 3 8 ,  1 9 7 0 )  has  e m p h a s i z e d  t h e  p r o p r i o c e p t i v e ,  c o n t r o l  
a s p e c t s  o f  m u s c u l a r  a c t i v i t y ;  h i s  P r o g r e s s i v e  R e l a x a t i o n  e x e r c i s e s  a r e  
d e s i g n e d  t o  e n a b l e  t h e  c l i e n t  t o  e x p e r i e n c e  how h i s  or  her  m u s c l e s  
work and how t h e  m u s c l e s  f e e l  when t h e y  a r e  a t  r e s t .  J a c o b s o n ' s  t e c h ­
n iq u e  h as  l i t t l e  or no e m p h a s i s  on s y m b o l i c  c o g n i t i v e  a c t i v i t y  d u r i n g  
th e  p r o c e s s  o f  r e l a x a t i o n  t r a i n i n g .  A u t o g e n i c  T r a i n i n g  ( L u t h e ,  1969;  
S c h u l t z  & L u t h e ,  1959)  h o w e v e r ,  p r i m a r i l y  e m p h a s i z e s  s y m b o l i c  c o g n i t i v e  
a c t i v i t y .  The c o g n i t i v e  a c t i v i t y  o f  A u t o g e n i c  T r a i n i n g  c o n s i s t s  o f  a 
m e n ta l  c o n t a c t  w i t h  t h e  p a r t  o f  t h e  body and t h e  a s p e c t  o f  p h y s i o l o g y  
t o  be t r a i n e d  v i a  v i s u a l  ( l i k e  s e e i n g  a n e o n  s i g n )  or  v e r b a l  ( r e p e a t e d  
s u b v o c a l l y )  s t a n d a r d  f o r m u l a s ,  s u c h  a s  "My arm i s  h e a v y , "  and o f  
" p a s s i v e  c o n c e n t r a t i o n "  on t h e  p a r t  o f  t h e  c l i e n t .
The manner i n  w hich  s u b j e c t s  have  b e e n  i n s t r u c t e d  t o  g a i n  c o n t r o l  
o f  t h e i r  m u s c l e  a c t i v i t y  i n  EMG BFT s t u d i e s  h a s  b e e n  o f  two t y p e s ;
( 1 )  t h e  s u b j e c t  i s  i n s t r u c t e d  t o  lower  m u s c l e  t e n s i o n  by l o w e r i n g  a 
to n e  or c l i c k  r a t e  w hich  i s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  EMG a c t i v i t y  
l e v e l  in  t h e  m u s c l e  b e i n g  m o n i t o r e d ,  a s  u s e d  by A l e x a n d e r  ( 1 9 7 5 ) ,  
A l e x a n d e r ,  F rench  & Goodman ( 1 9 7 5 ) ,  B u d zy n sk i  A S to y v a  ( 1 9 6 9 )  and H a y n es ,  
M o s e le y  A McGowan ( 1 9 7 5 ) ;  ( 2 )  t h e  s u b j e c t  i s  i n s t r u c t e d  t o  l e t  t h e  f e e d ­
back be a g u i d e  t o  how r e l a x e d  he or sh e  i s  a t  a n y  g i v e n  moment and t o  
f e e l  f r e e  t o  e x p e r i m e n t  w i t h  d i f f e r e n t  a p p r o a c h e s  t o  r e l a x a t i o n  i n c l u d i n g  
v i s u a l i z a t i o n ,  p l e a s a n t  t h o u g h t s  and d i f f e r e n t  e m o t i o n s ,  a s  used  by 
Kinsman, O 'B a n n i o n ,  R o b in so n  & Staudenm ayer  ( 1 9 7 5 )  and R a s k i n ,  J o h n s o n  & 
R o n d e s t v e d t  ( 1 9 7 3 ) .  N e i t h e r  t y p e  o f  i n s t r u c t i o n s  a p p e a r s  t o  f i t  e n t i r e l y  
w i t h i n  e i t h e r  t h e  P r o g r e s s i v e  R e l a x a t i o n  or A u t o g e n i c  T r a i n i n g  framework .  
R e ik in g  & Kohl ( 1 9 7 5 )  combined EMG fe e d b a c k  and J a c o b s o n -W o lp e  t y p e
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i n s t r u c t i o n s  but fcund no d i f f e r e n c e s  i n  e f f e c t i v e n e s s  f o r  r e d u c i n g  EMG 
a c t i v i t y  b e tw e e n  t h a t  g r o u p ' s  r e s u l t s  and a s t r a i g h t f o r w a r d  EMG f e e d ­
back grou p  or t h o s e  o f  an EMG f e e d b a c k  p l u s  money r e i n f o r c e m e n t  f o r  
d e c r e a s e d  EMG a c t i v i t y  g r o u p ,  A more s y s t e m a t i c  e x a m i n a t i o n  o f  
P r o g r e s s i v e  R e l a x a t i o n  and A u t o g e n i c  T r a i n i n g  a p p r o a c h e s  t o  r e l a x a t i o n  
t r a i n i n g  i n  EMG BFT m ight  p rod u ce  u s e f u l  c l i n i c a l  a p p l i c a t i o n s .
With  r e g a r d  t o  t h e  t y p e  o f  f e e d b a c k  s i g n a l  a v a i l a b l e  t o  th e  
i n d i v i d u a l ,  A l e x a n d e r ,  F rench  6> Goodman ( 1 9 7 5 )  r e p o r t e d  t h a t  an e y e s  
c l o s e d  a u d i o  f e e d b a c k  c o n d i t i o n  produced  s i g n i f i c a n t l y  g r e a t e r  d e c r e a s e s  
i n  f r o n t a l i s  EMG a c t i v i t y  t h a n  e i t h e r  e y e s  op en  a u d i o  f e e d b a c k ,  v i s u a l  
f e e d b a c k  or no f e e d b a c k  c o n d i t i o n s .  G reen ,  W a l t e r s ,  Green  & Murphy 
(1 9 6 9 )  u sed  v i s u a l  f e e d b a c k  and found s i g n i f i c a n t  r e d u c t i o n s  i n  forearm  
EMG a c t i v i t y .  The l i t e r a t u r e  on th e  v o l u n t a r y  c o n t r o l  o f  s i n g l e  motor  
u n i t s  u n i f o r m l y  p o i n t s  t o  t h e  s u p e r i o r i t y  o f  a u d i o  f e e d b a c k  f o r  a 
v a r i e t y  o f  m u s c l e  s i t e s  ( B a s m a j i a n ,  1963; Gray ,  1971; H a r r i s o n  A 
M o r t e n s e n ,  1962;  Wagman, P i e r c e  & B u r g e r ,  1 9 6 5 ) .  When v i s u a l  f e e d b a c k  
was a l s o  a v a i l a b l e  s u b j e c t s  t e n d e d  t o  i d e n t i f y  t h e  s i n g l e  m otor  u n i t  
v i s u a l l y  on th e  o s c i l l o s c o p e  and t h e n  r e l y  on t h e  a u d i t o r y  f e e d b a c k  t o  
m a i n t a i n  c o n t r o l  (Gray,  1 9 7 1 ) .
S c h a n d l e r  & G r in g s  ( 1 9 7 5 )  h ave  d e s i g n e d  an  a p p a r a t u s  t o  g i v e  s u b ­
j e c t s  t a c t i l e  f e e d b a c k  o f  t h e i r  EMG a c t i v i t y .  T a c t i l e  EMG fe e d b a c k  
a p p e a r s  t o  add a new d i m e n s i o n  t o  t h e  s t u d y  o f  c o g n i t i v e  p r o c e s s e s  w hich  
m igh t  be i n v o l v e d  i n  EMG BFT b e c a u s e  t h e  s e n s o r y  i n f o r m a t i o n  p rod u ced  by 
t a c t i l e  f e e d b a c k  a p p e a r s  t o  be more d i r e c t l y  r e l a t e d  t o  m otor  b e h a v i o r  
th an  e i t h e r  a u d i o  or v i s u a l  f e e d b a c k  due t o  t h e  e x t e n s i v e  i n t e r c o n n e c ­
t i o n s  b e tw e e n  t h e  s e n s o r y  c o r t e x  and the  motor  c o r t e x .
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There i s  a l s o  th e  p o s s i b i l i t y  o f  an i n t e r a c t i o n  b e tw een  t h e  t y p e  
o f  i n s t r u c t i o n s  g i v e n  t o  a s u b j e c t  and t h e  t y p e  o f  f e e d b a c k  a v a i l a b l e .  
T h is  p o s s i b i l i t y  h as  y e t  t o  be e x a m in e d .  The d e l i n e a t i o n  o f  s u c h  an  
i n t e r a c t i o n  m igh t  p rod u ce  v a l u a b l e  i n f o r m a t i o n  c o n c e r n i n g  t h e  l e a r n i n g  
p r o c e s s e s  and c o g n i t i v e  mechanisms i n v o l v e d  in  EMG BFT a s  w e l l  a s  
u s e f u l  c l i n i c a l  a p p l i c a t i o n s .
S t a t e m e n t  o f  t h e  Prob lem  I n v e s t i g a t e d  
I n  t e a c h i n g  m u s c le  r e l a x a t i o n  v i a  BFT t h e  c l i n i c i a n  i s  f a c e d  w i t h  
th e  problem o f  o f f e r i n g  o p t i m a l  l e a r n i n g  s t r a t e g i e s  t o  t h e  c l i e n t .  As 
r e v i e w e d  a b o v e ,  l i t t l e  s y s t e m a t i c  r e s e a r c h  has  b een  c o n d u c te d  i n  t h i s  
a r e a .  The p r e s e n t  s t u d y  e v a l u a t e d  two d i s p a r a t e  l e a r n i n g  s t r a t e g i e s  t o  
EMG BFT w i t h i n  t^e  c o n t e x t  o f  an i n t e r a c t i o n  b e tw e e n  t h e  t y p e  o f  
i n s t r u c t i o n a l  s e t  g i v e n  t o  t h e  s u b j e c t  and t h e  t y p e  o f  f e e d b a c k  s i g n a l  
a v a i l a b l e  t o  t h e  s u b j e c t  d u r i n g  t r a i n i n g .
One s t r a t e g y ,  a s  s u g g e s t e d  by Brown ( 1 9 7 4 ) ,  was t h a t  th e  f e e d b a c k  
s i g n a l  i s  i n t e r p r e t e d  a s  an a b s t r a c t  symbol by t h e  s u b j e c t  r a t h e r  th an  
a s  s i m p l e  s e n s o r y  i n f o r m a t i o n .  Brown a l s o  s u g g e s t e d  t h a t  much c o g n i ­
t i v e  a c t i v i t y  i s  r e q u i r e d  i n  BFT. The a p p r o a c h  w h ich  A u t o g e n i c  
T r a i n i n g  s u g g e s t s  f o r  p r o d u c i n g  m u s c l e  r e l a x a t i o n  a p p e a r s  t o  e m p h a s i z e  
t h e  same ty p e  o f  l e a r n i n g  s t r a t e g y  w h ich  Brown s u g g e s t s ,  c o n s i d e r a b l e  
c o g n i t i v e  a c t i v i t y  t o  m e d i a t e  t h e  l e a r n i n g  p r o c e s s .
The o t h e r  s t r a t e g y ,  a s  s u g g e s t e d  by B asm aj ian  & Simmard (196  7) 
and L e i b r e c h t  e t  a l .  ( 1 9 7 3 ) ,  was t h a t  t h e  f e e d b a c k  s i g n a l  s i m p l y  a u g ­
m en ts  or r e i n f o r c e s  t h e  n o r m a l l y  a v a i l a b l e  p r o p r i o c e p t i v e  c u e s  d u r i n g  
t r a i n i n g .  The a p p r o a c h  w hich  P r o g r e s s i v e  R e l a x a t i o n  s u g g e s t s  a p p e a r s
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t o  e m p h a s iz e  t h e  same t y p e  o f  l e a r n i n g  s t r a t e g y  w h i c h  B a s m a j ia n  &
Simmard and L e i b r e c h t  e t  a l .  s u g g e s t :  p a y in g  a t t e n t i o n  t o  p r o p r i o c e p ­
t i v e  c u e s  d u r in g  t r a i n i n g  w i t h  l i t t l e  or  no e m p h a s i s  on s y m b o l i c  
c o g n i t i v e  a c t i v i t y  t o  m e d i a t e  t h e  l e a r n i n g  p r o c e s s .
The f e e d b a c k  mode or ty p e  o f  s i g n a l  a v a i l a b l e  t o  t h e  s u b j e c t  was 
h y p o t h e s i z e d  t o  be o f  c o n s i d e r a b l e  im p o r ta n c e  t o  t h e  two l e a r n i n g  
s t r a t e g i e s .  C o n s e q u e n t l y  f e e d b a c k  modes were  s e l e c t e d  w hich  a p p e a r e d  
t o  f i t  w i t h i n  t h e  framework o f  e a c h  s t r a t e g y .  An a u d i o  f e e d b a c k  s i g n a l  
ap p eared  t o  be a r a t h e r  a b s t r a c t  symbol and was t h e r e f o r e  p a i r e d  w i t h  
A u t o g e n i c  T r a i n i n g  ty p e  i n s t r u c t i o n s  (AT) .  A t a c t i l e  f e e d b a c k  s i g n a l  
a p p e a r e d  t o  be more d i r e c t l y  r e l a t e d  t o  m otor  b e h a v i o r  and p erh a p s  
t h e r e f o r e  l e s s  l i k e l y  t o  be i n t e r p r e t e d  s y m b o l i c a l l y .  T h e r e f o r e  a 
t a c t i l e  f e e d b a c k  s i g n a l  was p a i r e d  w i t h  P r o g r e s s i v e  R e l a x a t i o n  t y p e  
i n s t r u c t i o n s  (PR ) .
I t  a p p e a r e d  p o s s i b l e  t h a t  e i t h e r  th e  f e e d b a c k  mode or i n s t r u c t i o n s  
a l o n e  m igh t  a c c o u n t  f o r  a n y  d i f f e r e n c e s  b e tw een  t h e  two l e a r n i n g  
s t r a t e g i e s  d e s c r i b e d  a b o v e .  To exam ine  t h i s  p o s s i b i l i t y  th e  i n t e r a c t i o n  
b e tw e e n  t h e  two i n s t r u c t i o n  s e t s ,  AT and PR, and t h e  two f e e d b a c k  m od es ,  
a u d i o  and t a c t i l e ,  was e v a l u a t e d .
To d e t e r m i n e  i f  t h e  two s e t s  o f  i n s t r u c t i o n s  t o  be used i n  t h e  BFT 
s t u d y  were  i n d e e d  p e r c e i v e d  a s  d i f f e r e n t  and a s  b e i n g  r e p r e s e n t a t i v e  o f  
t h e  two l e a r n i n g  s t r a t e g i e s ,  a p i l o t  s t u d y  was c o n d u c t e d .  The i n s t r u c ­
t i o n s  were  p r e s e n t e d  t o  g ro u p s  o f  s u b j e c t s  n o t  o t h e r w i s e  i n v o l v e d  i n  th e  
BFT s t u d y .  The s u b j e c t s  r a t e d  t h e  i n s t r u c t i o n s  on s e v e r a l  q u e s t i o n s  
d e s i g n e d  t o  d i f f e r e n t i a t e  t h e  m ajor  components  o f  t h e  two i n s t r u c t i o n  
s e t s  .
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In  a d d i t i o n  t o  t h e  above  m e n t io n e d  r e a s o n s  f o r  com p ar in g  a u d i o  
and t a c l i l e  f e e d b a c k  a u d i o  f e e d b a c k  was c h o s e n  b e c a u s e  t h e  A u t o g e n i c  
T r a i n i n g  and P r o g r e s s i v e  R e l a x a t i o n  i n s t r u c t i o n s  s p e c i f i e d  t h a t  s u b j e c t s  
would have  t h e i r  e y e s  c l o s e d  d u r i n g  t r a i n i n g .
The f r o n t a l i s  m u s c l e  was c h o s e n  f o r  t h i s  s t u d y  b e c a u s e  t h a t  m u s c l e  
h a s  f i g u r e d  p r a m i n a n t l y  i n  s t u d i e s  o f  t e n s i o n  h e a d a c h e ,  c h r o n i c  a n x i e t y ,  
and m a l a d a p t i v e  s t r e s s  r e s p o n s e s .  The f r o n t a l i s  m u s c l e  h a s  a l s o  b e e n  
u sed  e x t e n s i v e l y  i n  p r e v i o u s  EMG BFT s t u d i e s .  F i n a l l y ,  i t  i s  a " p u b l i c "  
m u s c l e  and t h e r e f o r e  e a s i l y  a c c e s s i b l e  t o  s k i n  e l e c t r o d e  p l a c e m e n t s  
w i t h o u t  undue s u b j e c t  d i s c o m f o r t .
The two s e t s  o f  i n s t r u c t i o n s  c o u l d  have  had a d i f f e r e n t i a l  i n i t i a l  
e f f e c t  on r e l a x a t i o n  s u c h  t h a t  one s e t  o f  i n s t r u c t i o n s ,  per  s e , c o u l d  
have  b een  p e r c e i v e d  a s  more r e l a x i n g  th an  t h e  o t h e r .  To t e s t  t h i s  
p o s s i b i l i t y  two b a s e l i n e s  w ere  t a k e n  w i t h  th e  i n s t r u c t i o n  s e t  p r e s e n t e d  
t o  th e  s u b j e c t  b e tw e e n  them .  A s e p a r a t e  s t a t i s t i c a l  a n a l y s i s  was c o n ­
d u c t e d  on t h e s e  b a s e l i n e  d a t a .
A l t h o u g h  i t  was e x p e c t e d  t h a t  t h e  s u b j e c t s  would  f o l l o w  t h e  
i n s t r u c t i o n s ,  e a c h  s u b j e c t  was b r i e f l y  i n t e r v i e w e d  a f t e r  e a c h  t r a i n i n g  
s e s s i o n  t o  d e t e r m i n e  t o  same e x t e n t  what  t h e  s u b j e c t  was i n d e e d  d o i n g  
d u r in g  t h e  BFT. The i n t e r v i e w s  were  s t r u c t u r e d  i n  s u c h  a way a s  t o  be  
m i n i m a l l y  d i s r u p t i v e  o f  t h e  l e a r n i n g  p r o c e s s .  No fo r m a l  a n a l y s i s  o f  t h e  
i n t e r v i e w s  was p l a n n e d .
S i n c e  t h e  m a jo r  e m p h a s i s  o f  t h e  s t u d y  was  t o  exam ine  t h e  two 
l e a r n i n g  s t r a t e g i e s ,  a s t a t i s t i c a l  a n a l y s i s  was u sed  w h i c h  would e n a b l e  
i l l u m i n a t i o n  o f  p o s s i b l e  d i f f e r e n c e s  i n  t h e  r e s p o n s e  c u r v e s  f o r  e a c h  o f  
t h e  t r e a t m e n t  c o n d i t i o n s .  O v e r a l l  group  p e r f o r m a n c e s ,  s u b j e c t  p er fo rm a n ce
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o v e r  s e v e r a l  s e p a r a t e  t r a i n i n g  s e s s i o n s ,  and s u b j e c t  p e r f o r m a n c e s  w i t h i n  
t h e  t r a i n i n g  s e s s i o n s  w ere  e v a l u a t e d  by means o f  a s p l i t - s p l i t  p l o t  
f a c t o r i a l  a n a l y s i s  o f  v a r i a n c e .
S e v e r a l  s p e c i f i c  h y p o t h e s e s  w ere  d e v e l o p e d  r e g a r d i n g  a n t i c i p a t e d  
r e s u l t s .  I t  was a n t i c i p a t e d  t h a t  t h e  p i l o t  s t u d y  w ould  d e m o n s t r a t e  t h a t  
t h e  AT and PR i n s t r u c t i o n s  w ere  i n d e e d  p e r c e i v e d  a s  d i f f e r e n t  and a s  
r e p r e s e n t a t i v e  o f  t h e i r  r e s p e c t i v e  l e a r n i n g  s t r a t e g i e s .  The two s e t s  
o f  i n s t r u c t i o n s  w ere  n o t  a n t i c i p a t e d  t o  have  d i f f e r e n t i a l  i n i t i a l  
e f f e c t s  on s u b j e c t  EMG l e v e l s ,  and t h e  p o s t  i n s t r u c t  i o n  b a s e l i n e  was  
e x p e c t e d  t o  be somewhat l o w e r ,  but n o t  s i g n i f i c a n t l y  l o w e r ,  th an  th e  
p r e i n s t r u c t i o n  b a s e l i n e .
With r e g a r d  t o  th e  a n t i c i p a t e d  r e s u l t s  o f  th e  b i o f e e d b a c k  t r a i n i n g ,  
EMG l e v e l s  a ccom p an y in g  t h e  two i n s t r u c t i o n  s e t s  w ere  n o t  e x p e c t e d  t o  be  
s i g n i f i c a n t l y  d i f f e r e n t  due t o  t h e  w e l l  p r o v e n  e f f e c t i v e n e s s  o f  b o th  
a p p r o a c h e s  t o  m u s c l e  r e l a x a t i o n .
The t y p e  0 1  f e e d b a c k ,  a u d i t o r y  or  t a c t i l e ,  was e x p e c t e d  t o  have  
a s i g n i f i c a n t  e f f e c t  on EMG l e v e l s  s i n c e  Fehmi,  A n c o l i  & S e l z e r  ( 1 9 7 2 )  
found t h a t  s u b j e c t s  g a i n e d  c o n t r o l  o f  t h e i r  f r o n t a l  l o b e  a l p h a  a c t i v i t y  
f a s t e r  w i t h  t a c t i l e  f e e d b a c k  th a n  w i t h  a u d i o  f e e d b a c k .  The u n d e r l y i n g  
m echanism s  o f  s u b j e c t  c o n t r o l  o f  b r a i n  wave a c t i v i t y  and o f  s u b j e c t  
c o n t r o l  o f  m u s c l e  a c t i v i t y ,  th ou gh  n o t  a s  y e t  c l e a r l y  d i f f e r e n t i a t e d ,  
a r e  q u i t e  l i k e l y  t o  be d i f f e r e n t .  Thus a n y  d i r e c t  c o m p a r i s o n s  b e tw e e n  
b r a i n  wave BFT and EMG BFT a p p e a r  somewhat t e n u o u s .  I t  a p p e a r e d  
p o s s i b l e ,  h o w e v e r ,  t h a t  t h e  n a t u r e  o f  t h e  f e e d b a c k  s i g n a l  c o u l d  be a 
p e r v a s i v e  phenomenon su ch  t h a t  F e h m i e t a l ’ s  r e s u l t  w i t h  a l p h a  a c t i v i t y  
BFT w ould  be r e p l i c a t e d  w i t h  EMG BFT.
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The m ajor  h y p o t h e s i s  t o  be t e s t e d  was w h e th e r  o r  n o t  t h e  f o u r  
t r e a t m e n t  c o n d i t i o n s  would p rod u ce  d i f f e r e n t  t y p e s  o f  p er form an ce  c u r v e s .  
The PR and t a c t i l e  f e e d b a c k  c o n d i t i o n  was e x p e c t e d  t o  p rod u ce  r e l a t i v e l y  
s t e a d y  d e c r e m e n t s  i n  EMG a c t i v i t y  a c r o s s  a p e r i o d  o f  t i m e .  T h i s  e x p e c ­
t a t i o n  was b a s ed  on two a s s u m p t i o n s .  D u r in g  s l o w l y  i n c r e a s i n g  m u s c l e  
a c t i v i t y  m otor  u n i t s  a r e  g r a d u a l l y  r e c r u i t e d  ( G o l d s t e i n ,  1 9 7 2 ) ;  a 
s i m i l a r  p r o c e s s  was assumed t o  o p e r a t e  d u r i n g  s l o w l y  r e d u c i n g  m u s c l e  
a c t i v i t y .  The s e c o n d  a s s u m p t i o n  was t h a t  l i t t l e  s y m b o l i c  c o g n i t i v e  
a c t i v i t y  i n v o l v e m e n t  would  produce  l i t t l e  or n o  t im e  d e l a y  i n  e x e c u t i n g  
th e  d e s i r e d  r e s p o n s e .  Thus a d e c r e a s i n g ,  l i n e a r  p e r fo r m a n c e  c u r v e  was  
a n t i c i p a t e d .
The AT and a u d i o  f e e d b a c k  c o n d i t i o n  was e x p e c t e d  t o  p rod u ce  l i t t l e  
ch an ge  i n  EMG a c t i v i t y  d u r i n g  t h e  f i r s t  p a r t  o f  a p e r i o d  o f  t im e  
p r i m a r i l y  b e c a u s e  s u b j e c t s  were  e x p e c t e d  t o  be i n v o l v e d  more i n  c o n ­
c e p t u a l i z i n g  t h e  r e s p o n s e  t h a n  i n  a c t u a l l y  e x e c u t i n g  i t .  D e c r e a s e s  were  
e x p e c t e d  t o  o c c u r  n e a r  th e  end o f  a p e r i o d  o f  t im e  s i n c e  o n c e  th e  
r e s p o n s e  was c o n c e p t u a l i z e d  i t  would  be e x e c u t e d  w i t h  l i t t l e  d i f f i c u l t y .  
Thus a g r a d u a l l y  a t  f i r s t  bu t  t h e n  s h a r p l y  d e c r e a s i n g  p e r fo r m a n c e  c u r v e  
was a n t i c i p a t e d .
The two r e m a i n i n g  c o n d i t i o n s ,  AT w i t h  t a c t i l e  f e e d b a c k  and PR w i t h  
a u d i  o f e e d b a c k ,  were  a n t i c i p a t e d  t o  p rod u ce  r e s p o n s e  c u r v e s  w h ich  would  
be c o m p o s i t e s  o f  t h e  o t h e r  two c o n d i t i o n s .  F i g u r e  1 r e p r e s e n t s  t h e  
a n t i c i p a t e d  r e s p o n s e  c u r v e s  o f  t h e  f o u r  t r e a t m e n t  c o n d i t i o n s  o v e r  a 
p e r i o d  o f  t i m e .
The i n t e r a c t i o n  b e tw e e n  t h e  two i n s t r u c t i o n  s e t s  and th e  two f e e d ­
back  modes was n o t  e x p e c t e d  t o  be s i g n i f i c a n t  b e c a u s e  a l l  o f  t h e  g r o u p s
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U n i t s  o f  Time
F i g u r e  1 .  H y p o t h e s i z e d  EMG a c t i v i t y  r e s p o n s e  c u r v e s  f o r  e a c h  
o f  t h e  t r e a t m e n t  g r o u p s  ( A u t o g e n i c  T r a i n i n g  
i n s t r u c t i o n s  (AT) w i t h  a u d i o  f e e d b a c k  ( A ) ,  AT w i t h  
t a c t i l e  f e e d b a c k  ( T ) , P r o g r e s s i v e  R e l a x a t i o n  
i n s t r u c t i o n s  (PR) w i t h  A, PR w i t h  T) o v e r  a p e r i o d  
o f  t i m e .
14
were e x p e c t e d  t o  have  f a i r l y  e q u i v a l e n t  s i g n i f i c a n t  r e d u c t i o n s  i n  EMG 
a c t i v i t y  a c r o s s  t h e  s e v e r a l  t r a i n i n g  s e s s i o n s  and a c r o s s  t h e  t im e  
p e r i o d s  w i t h i n  th e  t r a i n i n g  s e s s i o n s .
The h y p o t h e s i s  t h a t  th e  t r e a t m e n t  g r o u p s  would p ro d u ce  d i f f e r e n t  
r e s p o n s e  c u r v e s  was e x p e c t e d  t o  be s e e n  i n  t h e  i n t e r a c t i o n s  o f  t h e  fo u r  
t r e a t m e n t  c o n d i t i o n s  w i t h  two m ajor  t im e  d i m e n s i o n s .  The r e s p o n s e  
c u r v e s  were  e x p e c t e d  t o  be d i f f e r e n t  o v e r  th e  s e v e r a l  t r a i n i n g  s e s s i o n s  
o f  the  e x p e r i m e n t .  T h i s  e f f e c t  was a l s o  e x p e c t e d  t o  be s e e n  w i t h i n  t h e  
t r a i n i n g  s e s s i o n s ,  t h a t  i s ,  a c r o s s  t h e  s e v e r a l  t im e  p e r i o d s  w i t h i n  each  
t r a i n i n g  s e s s i o n .  Thus t h e  t y p e s  o f  r e s p o n s e  c u r v e s  p r e s e n t e d  i n  
F i g u r e  1 and d e s c r i b e d  a b o v e  were  e x p e c t e d  t o  o c c u r  i n  t h e  i n s t r u c t i o n  
s e t  X f e e d b a c k  mode X t r a i n i n g  s e s s i o n  i n t e r a c t i o n  g r a p h ,  i n  t h e  i n ­
s t r u c t i o n  s e t  X f e e d b a c k  mode X t im e p e r i o d  i n t e r a c t i o n  g r a p h ,  and i n  
t h e  i n s t r u c t i o n  s e t  X f e e d b a c k  mode X t r a i n i n g  s e s s i o n  X t im e  p e r i o d  
i n t e r a c t i o n  g r a p h .
The amount o f  v a r i a t i o n  i n  EMG l e v e l s  w i t h i n  e a c h  o f  t h e  t im e  
p e r i o d s  was c o n s i d e r e d  t o  be o f  i n t e r e s t  i n  d e t e r m i n i n g  t h e  a p p r o p r i a t e  
d im e n s io n  o f  t im e  f o r  t h e  a n a l y s i s  o f  t h e  l e a r n i n g  p r o c e s s  o f  EMG BFT. 
An a d d i t i o n a l  a n a l y s i s  o f  v a r i a n c e  i n c o r p o r a t i n g  t h e  v a r i a n c e  i n  EMG 
l e v e l s  w i t h i n  e a c h  t im e p e r i o d  was c o n d u c te d  t o  exam ine  t h i s  q u e s t i o n .
METHOD
Sub j e c t  s
S u b j e c t s  were  48 m ale  u n d e r g r a d u a t e s ,  a g e  18 - 2 6 ,  e n r o l l e d  i n  
P s y c h o l o g y  c o u r s e s  a t  L o u i s i a n a  S t a t e  U n i v e r s i t y  who v o l u n t e e r e d  t o  
p a r t i c i p a t e  i n  t h e  s t u d y .
A p p a r a tu s
An A u to g e n  1500b Feedback  Myograph ( A u t o g e n i c  S y s t e m s ,  I n c . ,  
B e r k e l e y ,  C a l i f o r n i a ,  9 4 7 1 0 )  was u s e d  t o  t r a n s d u c e  t h e  e l e c t r i c a l  
a c t i v i t y  o f  t h e  f r o n t a l i s  m u s c l e  i n t o  an a u d i o  s i g n a l .  The a u d i o  
s i g n a l  w h ich  was u sed  was a c l i c k - r a t e  s i g n a l ,  th e  r a t e  o f  w hich  was  
l o g a r i t h m i c a l l y  p r o p o r t i o n a l  t o  t h e  l e v e l  o f  EMG a c t i v i t y  d i s p l a y e d  on  
t h e  EMG A c t i v i t y  M eter  o f  t h e  1500b ,  The 1500b produced  an i n t e g r a l  
a v e r a g e d  measurement o f  EMG a c t i v i t y  w i t h i n  a ban dpass  o f  100 - 200  Hz,  
Three  s c a l e s  o f  th e  A c t i v i t y  M eter  were  used  d u r i n g  t h e  s t u d y :  1 . 0  t o
2 0 , 0  m i c r o v o l t s  ( u V ) , 0 . 5  t o  1 0 . 0  uV, 0 . 1  t o  2 . 0  uV. The e x p e r i m e n t e r  
s w i t c h e d  from one s c a l e  t o  a n o t h e r  when t h e  r e s o l u t i o n  o f  a p a r t i c u l a r  
s c a l e  was more a p p r o p r i a t e  t o  t h e  s u b j e c t ' s  EMG a c t i v i t y  l e v e l .  The 
s c a l e  was o n l y  changed  b e tw e e n  t r a i n i n g  s e s s i o n s  and t h e r e f o r e  d id  n o t  
a f f e c t  EMG d a t a  c o l l e c t i o n .
The Log EMG Output F u n c t i o n  o f  th e  1500b s e r v e d  a s  i n p u t  t o  a 
d e v i c e  w h ich  produced  t a c t i l e  f e e d b a c k  (N. T.  W el ford  & W. J .  Murphy,  
M e d i c a l  E l e c t r o n i c s ,  U n i v e r s i t y  o f  Texas  M e d i c a l  B r a n c h ,  G a l v e s t o n ,  
T e x a s ,  7 7550;  s e e  A pp end ix  1 f o r  w i r i n g  d iagram ) .  The t a c t i l e  f e e d b a c k
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was d e l i v e r e d  t o  t h e  s u b j e c t  v i a  a 2 - i n c h  s p e a k e r  w h ich  was e n c a s e d  i n  
a rounded wooden c a s e  w h ich  was c o m f o r t a b l e  and e a s y  t o  h o ld  i n  t h e  h a n d . 
The p u l s e  r a t e  o f  t h e  t a c t i l e  f e e d b a c k  s i g n a l  was l o g a r i t h m i c a l l y  p r o ­
p o r t i o n a l  t o  t h e  l e v e l  o f  EMG a c t i v i t y  d i s p l a y e d  on t h e  EMG A c t i v i t y  
M eter  o f  th e  1500b .
EMG d a t a  a c q u i s i t i o n  was a c c o m p l i s h e d  by an A u to g e n  5 1 0 0  D i g i t a l  
I n t e g r a t o r  ( A u t o g e n i c  S y s t e m ,  I n c . )  w h ich  was c o n n e c t e d  t o  t h e  1500b  
and w hich  was s e t  t o  d i s p l a y  v i s u a l l y  t h e  i n t e g r a l  a v e r a g e d  EMG a c t i v i t y  
i n  m i c r o v o l t s  f o r  1 -m in u te  p e r i o d s ,  w i t h  t h e  a u t o m a t i c  c y c l i n g  mechanism  
en gaged  a t  a s e t t i n g  o f  0 . 1  s e c o n d s  " r e s t  p e r i o d "  b e tw e e n  e a c h  1 -m in u te  
d a t a  a c q u i s i t i o n  p e r i o d .
A c a s s e t t e  t a p e  r e c o r d e r  was used  t o  p r e s e n t  an a u d i o  t a p e  o f  
i n s t r u c t i o n s  t o  e a c h  s u b j e c t .
A s e t  o f  h ea d p h o n es  (Nova 14 ,  c a t a l o g u e  number 3 3 - 1 0 1 3 ,  R adio  
S h ack ,  Fort  Worth ,  T e x a s ,  7 6 1 0 2 )  was u s e d  t o  p r e s e n t  t h e  a u d i o  f e e d b a c k  
s i g n a l  and t h e  t a p e  r e c o r d e d  i n s t r u c t i o n s  t o  e a c h  s u b j e c t .  The H ea d ­
phones  were  m o d i f i e d  s o  t h a t  t h e  two s p e a k e r s  c o u l d  r e c e i v e  i n d e p e n d e n t  
i n p u t .  T h i s  was done s o  t h a t  t h e  s u b j e c t s  i n  t h e  a u d i t o r y  f e e d b a c k  
c o n d i t i o n s  c o u l d  h ea r  th e  f e e d b a c k  s i g n a l  and t h e  i n s t r u c t i o n s  a t  t h e  
same t im e  w i t h  a s  l i t t l e  d i s t o r t i o n  a s  p o s s i b l e .
A c h a i s e  lo n g u e  lawn c h a i r  and a s m a l l  head r e s t  p i l l o w  w ere  u s e d  
f o r  t h e  s u b j e c t s  t o  r e c l i n e  upon d u r i n g  t h e  t r a i n i n g  s e s s i o n s  o f  th e  
s t u d y .
A l a r g e  w o o l  m i t t e n  was u s e d  t o  dampen p o s s i b l e  s o u n d s  from t h e  
t a c t i l e  f e e d b a c k  d e v i c e  f o r  th e  s u b j e c t s  i n  t h e  t a c t i l e  f e e d b a c k  c o n d i ­
t i o n s  d u r i n g  the  t r a i n i n g  s e s s i o n s .
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P r o c e d u r e
P r i o r  t o  t h e  s t a r t  o f  t h e  b i o f e e d b a c k  t r a i n i n g  s t u d y  a p i l o t  s t u d y  
was c o n d u c t e d .  The ta p e  r e c o r d e d  i n s t r u c t i o n s ,  d e s c r i b e d  b e l o w ,  t o  be 
p r e s e n t e d  t o  t h e  s u b j e c t s  i n  t h e  BFT s t u d y ,  w ere  p l a y e d  t o  g r o u p s  o f  
male  u n d e r g r a d u a t e s  e n r o l l e d  i n  u n d e r g r a d u a t e  P s y c h o l o g y  c o u r s e s  a t  
L o u i s i a n a  S t a t e  U n i v e r s i t y  who were  n o t  o t h e r w i s e  i n v o l v e d  w i t h  t h e  BFT 
s t u d y .  Each group  had 30 s u b j e c t s  and e a c h  group  heard  o n l y  one s e t  o f  
i n s t r u c t i o n s .  A f t e r  h e a r i n g  t h e  i n s t r u c t i o n s  e a c h  s u b j e c t  r a t e d  th e  
i n s t r u c t i o n s .  The I n s t r u c t i o n  R espon se  Form ( s e e  Appendix  2 )  w h ich  was  
u sed  had t h e  s u b j e c t s  r a t e  on a s c a l e  o f  one t o  s e v e n  t h e  im p o r ta n c e  o f  
t h e  b i o f e e d b a c k  s i g n a l ,  o f  t h o u g h t s  and f e e l i n g s ,  o f  r e m a i n i n g  m o t i o n ­
l e s s ,  o f  l e a r n i n g  how a t e n s e  and t h e n  r e l a x e d  m u s c l e  f e e l s ,  and o f  
p a y in g  c l o s e  a t t e n t i o n  t o  m u s c l e  s e n s a t i o n s  t o  t h e  i n s t r u c t i o n s  w hich  
t h e y  h e a r d .  S u b j e c t s  a l s o  r a t e d  how a c t i v e  o r  p a s s i v e  and how i n t e r e s t e d  
or d i s i n t e r e s t e d  i n  r e s u l t s  t h e  i n s t r u c t i o n s  t o l d  them t o  b e .
S t u d e n t s  i n  good g e n e r a l  h e a l t h  and w i t h o u t  known m u s c l e  d i s o r d e r s  
were g i v e n  t h e  o p p o r t u n i t y  t o  p a r t i c i p a t e .  The i n v e s t i g a t i o n  was  
d e s c r i b e d  a t  r e c r u i t m e n t  a s  a s t u d y  o f  s u b j e c t s 1 a b i l i t y  t o  r e l a x  t h e i r  
f o r e h e a d  m u s c l e  w i t h  the a i d  o f  b i o f e e d b a c k .  The e x p e r i m e n t e r  s a i d  t h a t  
he was i n t e r e s t e d  i n  com p ar in g  d i f f e r e n t  k i n d s  o f  f e e d b a c k  and a p p r o a c h e s  
t o  r e l a x a t i o n  and t h a t  he was i n t e r e s t e d  i n  how t h e  i n d i v i d u a l s  made u s e  
o f  t h e  f e e d b a c k  s i g n a l .  He s t a t e d  t h a t  a l l  o f  t h e  p r o c e d u r e s  had been  
shown t o  be e f f e c t i v e  and t h a t  he would  be i n t e r e s t e d  i n  s e e i n g  i f  one  
p r o c e d u r e  would  be b e t t e r  th an  t h e  o t h e r s .  He s t a t e d  t h a t  t h e  t im e  
r e q u i r e d  f o r  p a r t i c i p a t i o n  would be about  two h o u r s  and t h a t  a l m o s t  a l l  
s u b j e c t s  i n  p r e v i o u s  b i o f e e d b a c k  s t u d i e s  had e n j o y e d  t h e i r  p a r t i c i p a t i o n .
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He a l s o  s t a t e d  t h a t  any s u b j e c t  i n  t h e  s t u d y  who w i s h e d  t o  t e r m i n a t e  
h i s  p a r t i c i p a t i o n  would be f r e e  t o  d o  s o  a t  a n y  t i m e .  S u b j e c t s  were  
t h e n  a s k e d  t o  s i g n  an a p p o in tm e n t  s h e e t  and i n c l u d e  t h e i r  phone numbers .  
Each s u b j e c t  was c o n t a c t e d  by phone by t h e  e x p e r i m e n t e r  a t  l e a s t  one 
day  p r i o r  t o  h i s  a p p o i n t m e n t ,  reminded o f  h i s  p la n n e d  p a r t i c i p a t i o n ,  
and s c r e e n e d  a s  t o  h i s  h e a l t h .
S u b j e c t s  were  a s s i g n e d  t o  t r e a t m e n t  c o n d i t i o n s  on a r o t a t i n g  b a s i s  
from t h e  a p p o in tm e n t  s h e e t  s o  t h a t  e a c h  group  f i l l e d  up g r a d u a l l y .  To 
e a c h  o f  t h e  f o l l o w i n g  t r e a t m e n t  c o n d i t i o n s  12 s u b j e c t s  were  a s s i g n e d :  
P r o g r e s s i v e  R e l a x a t i o n  t y p e  i n s t r u c t i o n s  (PR) w i t h  a u d i o  f e e d b a c k ,  PR 
w i t h  t a c t i l e  f e e d b a c k ,  A u t o g e n i c  T r a i n i n g  ty p e  i n s t r u c t i o n s  (AT) w i t h  
a u d i o  f e e d b a c k ,  AT w i t h  t a c t i l e  f e e d b a c k .
Each s u b j e c t  was i n d i v i d u a l l y  g r e e t e d  upon a r r i v i n g  a t  t h e  e x p e r i ­
m e n ta l  s i t e ,  a s k e d  t o  read  and s i g n  a c o n s e n t  form ,  and th e n  a s k e d  t o  
r e c l i n e  upon t h e  c h a i s e  l o n g u e .  The e x p e r i m e n t e r  th e n  t o l d  t h e  s u b j e c t  
t h a t  he would a t t a c h  t h r e e  e l e c t r o d e s  t o  t h e  s u b j e c t ' s  f o r e h e a d  and  
t h a t  th e  e l e c t r o d e  g e l  i n  the  e l e c t r o d e  would  f e e l  c o o l  a t  f i r s t  but  
t h a t  i t  would warm up q u i c k l y .  The s u b j e c t  was a l s o  a s s u r e d  t h a t  th e  
i n s t r u m e n t s  were  b a t t e r y  powered and t h a t  he would  be c o m p l e t e l y  f r e e  
from p o s s i b l e  s h o c k s  from t h e  e q u ip m e n t .  S i l v e r / s i l v e r  c h l o r i d e  s k i n  
e l e c t r o d e s  were  th en  a t t a c h e d  t o  t h e  s u b j e c t ' s  f o r e h e a d  w i t h  a d h e s i v e  
d i s c s  i n  a c c o r d  w i t h  L i p p o l d ' s  ( 1 9 6 7 )  s t a n d a r d  p l a c e m e n t s  f o r  t h e  
f r o n t a l i s  m u s c l e .  Spectjra 360 E l e c t r o d e  Gel (P a r k e r  l a b o r a t o r i e s ,  I n c . ,  
I r v i n g t o n ,  New J e r s e y ,  0 7 1 1 1 )  was u sed  a s  th e  c o n d u c t i n g  medium f o r  
t h e  e l e c t r o d e s .
The s u b j e c t  was t h e n  a s k e d  t o  make h i m s e l f  a s  c o m f o r t a b l e  a s
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p o s s i b l e  and a s k e d  t h e  f o l l o w i n g  q u e s t i o n s :  "What do you t h i n k  b i o f e e d ­
back  w i l l  be l i k e ? "  "On a s c a l e  o f  z e r o  ( v e r y  t e n s e )  t o  t e n  ( v e r y  
r e l a x e d )  how do you f e e l  r i g h t  now?" The e x p e r i m e n t e r  r e c o r d e d  t h e  s u b ­
j e c t ' s  r e s p o n s e s  on an i n t e r v i e w  form.
The e x p e r i m e n t e r  t h e n  in fo r m e d  t h e  s u b j e c t  t h a t  t h e r e  would  be a 
1 -m in u te  b a s e l i n e ,  t h a t  he would  t h e n  h e a r  a s e t  o f  t a p e  r e c o r d e d  
i n s t r u c t i o n s  and t h a t  a s e c o n d  3 - m in u t e  b a s e l i n e  would  f o l l o w .  The 
s u b j e c t  was t h e n  t o l d  t h a t  t h e  t r a i n i n g  s e s s i o n s  would  f o l l o w  t h e  l a s t  
b a s e l i n e .  The h e a d p h o n es  w ere  t h e n  p l a c e d  on t h e  s u b j e c t  s o  t h a t  t h e  
i n s t r u c t i o n s  would  be i n t r o d u c e d  i n t o  t h e  r i g h t  e a r  and t h e  s u b j e c t  
was a s k e d  not  t o  move a r o u n d .  The f i r s t  b a s e l i n e  was t h e n  c o n d u c t e d .
The s u b j e c t s  i n  t h e  PR c o n d i t i o n  h eard  a t a p e  r e c o r d i n g  o f  th e  
e x p e r i m e n t e r  r e a d i n g  t h e  f o l l o w i n g :
L e a r n i n g  t o  r e l a x  your  f o r e h e a d  m u s c l e  i s  v e r y  much l i k e  
l e a r n i n g  a n y  o t h e r  m otor  s k i l l  su ch  a s  r i d i n g  a b i k e ,  p l a y i n g  
t e n n i s  or e v e n  w a l k i n g .  You a r e  a l r e a d y  somewhat aware  o f  how 
y o u r  m u s c l e s  a r e  when t h e y  a r e  t e n s e  or when t h e y  a r e  r e l a x e d .
The b i o f e e d b a c k  s i g n a l  i s  s i m p l y  a v e r y  p r e c i s e  m easu re  o f  how 
t e n s e  or o f  how r e l a x e d  your m u s c l e  i s .  T h i s  becomes  v e r y  
im p o r ta n t  a s  your  m u s c l e  r e l a x e s  b e c a u s e  you  c a n ' t  f e e l  when 
you r  m u s c l e  i s  c o m p l e t e l y  r e l a x e d .  So t h e  b i o f e e d b a c k  s i g n a l  
can l e t  you  know a l o t  more a b out  your  m u s c le  th a n  you c o u l d  
t e l l  w i t h o u t  th e  s i g n a l .  A s p e c i f i c  way t o  l e a r n  t o  r e l a x  your  
f o r e h e a d  m u s c le  i s  t o  pay a t t e n t i o n  t o  t h e  f e e d b a c k  s i g n a l  and 
l e a r n  how you can  make i t  c h a n g e .  I n c r e a s i n g  your m u s c l e  t e n s i o n  
and th en  r e l a x i n g  i s  an  e x c e l l e n t  way t o  s e e  how t h e  s i g n a l  w i l l
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w i l l  c h a n g e .  You a l s o  g e t  t o  s e e  what happens  when your  
m u s c l e  r e l a x e s .  Your t h o u g h t s  and f e e l i n g s  d u r i n g  t h i s  a r e  
n ot  r e a l l y  v e r y  i m p o r t a n t  s o  d o n ’t  be o v e r l y  c o n c e r n e d  w i t h  
them.  You w i l l  have  s e v e r a l  t r a i n i n g  s e s s i o n s  w i t h  th e  
f e e d b a c k  s i g n a l  and what  I  would  l i k e  f o r  you t o  do i s  t o  
g e t  your m u s c l e  a s  r e l a x e d  a s  you c a n .  1 w i l l  a s k  you t o  
c l o s e  your  e y e s  a t  t h e  s t a r t  o f  e a c h  s e s s i o n  and t o  keep  them 
c l o s e d  u n t i l  t h e  s e s s i o n  i s  o v e r .  Then I ' l l  a s k  you t o  f l e x  
y o u r  f o r e h e a d  m u s c le  and k eep  i t  t e n s e  s o  you can  s e e  how t h a t  
f e e l s .  Next  y o u ' l l  r e l a x  you r  m u s c l e  g r a d u a l l y  and keep  on 
r e l a x i n g  i t  u s i n g  t h e  f e e d b a c k  s i g n a l  a s  a g u i d e .  From t im e  
t o  t im e  d u r i n g  th e  s e s s i o n s  I  w i l l  m o d i f y  t h e  f e e d b a c k  
s l i g h t l y  s o  t h a t  you w i l l  be g e t t i n g  j u s t  t h e  r i g h t  amount 
o f  f e e d b a c k .  Each t im e  I  m o d i f y  t h e  s i g n a l  I ' l l  l e t  you  
know. A f t e r  e a c h  s e s s i o n  y o u ' l l  have a b r i e f  b r e a k  and I ' l l  
a s k  you  how i t  w e n t .  Do you have  any  q u e s t i o n s ?
The s u b j e c t s  i n  t h e  AT c o n d i t i o n  heard  a t a p e  r e c o r d i n g  o f  t h e  e x p e r i ­
m e n te r  r e a d i n g  t h e  f o l l o w i n g  i n s t r u c t i o n s :
T h o u g h t s  and f e e l i n g s  s i g n i f i c a n t l y  a f f e c t  what our b o d i e s  do and 
i t  i s  p o s s i b l e  t o  l i t e r a l l y  t e l l  our b o d i e s  what we want  them 
t o  d o .  So i n  l e a r n i n g  t o  r e l a x  your f o r e h e a d  m u s c l e  you can  
s i m p l y  t e l l  i t  t o  be r e l a x e d .  There  i s ,  h o w e v e r ,  a s p e c i f i c  
way t o  do t h i s .  I f  you  c o n c e n t r a t e  t o o  hard  your  m u s c l e  w i l l  
become t e n s e  b e c a u s e  o f  a l l  o f  t h e  m e n t a l  e f f o r t  you a r e  m ak in g ,  
s o  you  need  t o  have  a p a s s i v e ,  e f f o r t l e s s  c o n c e n t r a t i o n  where  
you a r e  n o t  r e a l l y ,  r e a l l y  c o n c e r n e d  w i t h  what you want t o
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happen;  more l i k e  you a r e  o n l y  m i l d l y  i n t e r e s t e d  i n  what i s  
g o i n g  o n .  The o t h e r  t h i n g  t o  do  i s  t o  have  a m e n t a l  c o n t a c t  
w i t h  your m u s c l e  by s a y i n g  t o  y o u r s e l f ,  "My f o r e h e a d  i s  c o o l "  
e v e r y  now and th e n  or  you can v i s u a l i z e  a neon  s i g n  t h a t  comes  
on now and th en  t h a t  s a y s ,  "My f o r e h e a d  i s  c o o l . "  We u s e  " c o o l"  
b e c a u s e  t h a t  i s  how your f o r e h e a d  w i l l  f e e l  when t h a t  m u s c l e  i s  
r e l a x e d .  The b i o f e e d b a c k  s i g n a l  i s  s i m p l y  a v e r y  p r e c i s e  m easure  
o f  how t e n s e  or o f  how r e l a x e d  you r  m u s c l e  i s .  Every  now and  
t h e n  you  can s n e e k  a peek^ a t  t h e  s i g n a l  and know how r e l a x e d  
you a r e  b e c o m in g .  I f  you w i s h ,  you  can u s e  t h e  s i g n a l  i n  your  
m e n t a l  c o n t a c t  w i t h  y o u r  f o r e h e a d  by t h i n k i n g  t h a t  th e  s i g n a l  
i s  c o o l i n g  your  f o r e h e a d  and t h a t  a s  i t  s l o w s  down your f o r e h e a d  
g e t s  e v e n  c o o l e r .  Try t o  s t a y  f a i r l y  s t i l l  th ou gh  b e c a u s e  i t  i s  
more d i f f i c u l t  t o  r e l a x  i f  you  a r e  m ov in g  around  a l o t .  You 
w i l l  have  s e v e r a l  t r a i n i n g  s e s s i o n s  w i t h  t h e  f e e d b a c k  s i g n a l  and 
what I would  l i k e  f o r  you t o  do i s  t o  g e t  you r  m u s c l e  a s  r e l a x e d  
a s  you c a n .  I  w i l l  a s k  you t o  c l o s e  you r  e y e s  a t  t h e  s t a r t  o f  
e a c h  s e s s i o n  and t o  k eep  them c l o s e d  u n t i l  t h e  s e s s i o n  i s  o v e r .  
I ’ l l  a s k  you t o  e s t a b l i s h  m e n t a l  c o n t a c t  w i t h  y o u r  f o r e h e a d  
m u s c l e .  A f t e r  t h a t  y o u ' l l  r e l a x  your  m u s c l e  d u r i n g  t h e  r e s t  o f  
t h e  s e s s i o n  w i t h  o c c a s i o n a l  m e n t a l  c o n t a c t  and p a s s i v e  c o n c e n ­
t r a t i o n .  From t i m e  t o  t im e  d u r i n g  t h e  s e s s i o n s  I  w i l l  m o d i f y  
the  f e e d b a c k  s l i g h t l y  s o  t h a t  you w i l l  be g e t t i n g  j u s t  t h e  r i g h t  
amount o f  f e e d b a c k .  Each t im e  I  m o d i f y  t h e  s i g n a l  I ’ l l  l e t  you
The ph ase  " sn e e k  a peek" was uBed f i g u r a t i v e l y ;  th e  s u b j e c t s  d id  
n ot  open t h e i r  e y e s  d u r i n g  th e  t r a i n i n g  s e s s i o n s .
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know. A f t e r  e a c h  s e s s i o n  y o u ' l l  have a b r i e f  break  and I ' l l  
a s k  you how i t  w e n t .  Do you have  any  q u e s t i o n s ?
F o l l o w i n g  th e  ta p e  r e c o r d e d  i n s t r u c t i o n s  t h e  e x p e r i m e n t e r  a n sw er ed  any  
q u e s t i o n s  by r e f e r r i n g  t o  t h e  p r o p e r  a s p e c t  o f  t h e  f o r e g o i n g  i n s t r u c ­
t i o n s .  He th en  in form ed  th e  s u b j e c t  t h a t  th e  s eco n d  b a s e l i n e  would be 
t a k e n  and t h a t  th e  s u b j e c t  s h o u l d  n o t  move a ro u n d .
A f t e r  th e  secon d  b a s e l i n e  t h e  e x p e r i m e n t e r  tu r n e d  on t h e  a u d i o  
f e e d b a c k  s i g n a l ,  w hich  was i n t r o d u c e d  i n t o  t h e  s u b j e c t ' s  l e f t  e a r ,  f o r  
t h e  s u b j e c t s  i n  t h e  a u d i o  f e e d b a c k  c o n d i t i o n .  The s u b j e c t s  i n  t h e  
t a c t i l e  f e e d b a c k  c o n d i t i o n  were  g i v e n  t h e  t a c t i l e  f e e d b a c k  d e v i c e  and 
t o l d  t o  p l a c e  i t  i n  t h e i r  l e f t  hand w i t h  a f i n g e r  p l a c e d  on t h e  
diaphram o f  th e  s p e a k e r .  The w o o le n  m i t t e n  was t h e n  p l a c e d  o v e r  t h e  
s u b j e c t ’ s l e f t  hand.  Each s u b j e c t  was t h e n  a s k e d  t o  c l o s e  h i s  e y e s .
The s u b j e c t s  i n  t h e  PR c o n d i t i o n  h eard  a t a p e  r e c o r d i n g  o f  t h e  
e x p e r i m e n t e r  r e a d i n g  t h e  f o l l o w i n g  i n s t r u c t i o n s  a t  t h e  s t a r t  o f  e a c h  
t r a i n i n g  s e s s i o n :
" P l e a s e  f l e x  your f o r e h e a d  m u s c l e  and keep  i t  t i g h t  f o r  th e  
n e x t  m i n u t e .  Be s u r e  t o  n o t i c e  t h e  f e e d b a c k  s i g n a l . "
( 1 -m in u te  p a u s e )
"Over th e  n e x t  two m i n u t e s  v e r y  g r a d u a l l y  l e t  t h e  t e n s i o n  go  
out  o f  your  m u s c l e .  Be s u r e  t o  n o t i c e  th e  c h a n g e s  i n  the  
f e e d b a c k  s i g n a l . "
( 2 - m in u te  p a u s e )
"Now d u r i n g  th e  r e s t  o f  t h i s  s e s s i o n  c o n t i n u e  t o  r e l a x  your  
m u s c l e  u s i n g  t h e  f e e d b a c k  s i g n a l  a s  a g u i d e . "
( 1 2 - m in u te  p a u s e )
23
" T h is  s e s s i o n  has  e n d e d ,  p l e a s e  open  your e y e s . "
The s u b j e c t s  i n  th e  AT c o n d i t i o n  h eard  a t a p e  r e c o r d i n g  o f  t h e  e x p e r i ­
m en ter  r e a d i n g  t h e  f o l l o w i n g  i n s t r u c t i o n s  a t  t h e  s t a r t  o f  e a c h  t r a i n i n g
s e s s i o n ;
"During th e  n e x t  m in u te  p l e a s e  c r e a t e  a m e n t a l  image o f  your  
f o r e h e a d  f o r  y o u r s e l f  by f o c u s i n g  your c o n c e n t r a t i o n  on your  
f o r e h e a d ."
( 1 -m in u te  p a u s e )
" G r a d u a l ly  l e t  your  c o n c e n t r a t i o n  become more and more  
p a s s i v e  and u n c o n c e r n e d  f o r  t h e  n e x t  two m i n u t e s .  R e p la c e  
your  own m e n t a l  image w i t h  th e  p h r a s e  'My f o r e h e a d  i s  c o o l . ' "
( 2 - m in u te  p a u s e )
"Now d u r i n g  t h e  r e s t  o f  t h i s  s e s s i o n  c o n t i n u e  t o  r e l a x  your  
m u s c l e  u s i n g  p a s s i v e  c o n c e n t r a t i o n  and t h e  m e n t a l  c o n t a c t  
p h ra s e  'My f o r e h e a d  i s  c o o l . '  You can  a l s o  u s e  t h e  f e e d b a c k  
s i g n a l  i f  you w i s h . "
( 1 2 -m in u te  p a u s e )
"This  s e s s i o n  h as  e n d e d ,  p l e a s e  open  you r  e y e s . "
D u r in g  e a c h  p au se  i n  t h e  a b o v e  s e t s  o f  i n s t r u c t i o n s ,  t h e  s u b j e c t s  heard  
a v e r y  low volume w h i t e  n o i s e  i n  t h e i r  r i g h t  e a r s .
Data on EMG a c t i v i t y  l e v e l s  d u r i n g  t h e  two  b a s e l i n e s  and t h e  
f i v e  t r a i n i n g  s e s s i o n s  were  r e c o r d e d  o n t o  a d a t a  s h e e t  by t h e  e x p e r i ­
m e n t e r  from t h e  v i s u a l  d i s p l a y  o f  t h e  5 1 0 0  D i g i t a l  I n t e g r a t o r .
Each d a t a  p o i n t  was t h e  a v e r a g e  a m p l i t u d e  o f  EMG a c t i v i t y  i n  m i c r o ­
v o l t s  (uV) o f  a 1 -m in u te  p e r i o d  o f  t i m e .  D u r in g  e a c h  b a s e l i n e  t h r e e
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su ch  d a t a  p o i n t s  were  c o l l e c t e d  and d u r i n g  e a c h  t r a i n i n g  s e s s i o n  15 such
d a ta  p o i n t s  were  c o l l e c t e d .
A f t e r  e a c h  o f  t h e  f i v e  t r a i n i n g  s e s s i o n s  t h e  s u b j e c t  was b r i e f l y  
i n t e r v i e w e d .  The e x p e r i m e n t e r  r e c o r d e d  t h e  s u b j e c t ' s  r e s p o n s e s ,  o n t o  
t h e  s u b j e c t ' s  i n t e r v i e w  form ,  t o  t h e  f o l l o w i n g  q u e s t i o n s ;
F o l l o w i n g  t h e  f i r s t  s e s s i o n ,  "How d i d  t h a t  seem t o  you?" ,
"Have you e v e r  done a n y t h i n g  t h a t  e v e n  r e m o t e l y  rem in d s  you  
o f  t h i s ?  How s o ? " ,  "What w ere  you d o i n g  m e n t a l l y  w h i l e  you  
w ere  r e l a x i n g  your  m u s c l e ? " ,  "On a s c a l e  o f  z e r o  ( v e r y  t e n s e )  
t o  t e n  ( v e r y  r e l a x e d ) ,  how d o  you  f e e l  r i g h t  now?";
F o l l o w i n g  t h e  s e c o n d  s e s s i o n ,  "How d i d  t h a t  seem t o  you?" ,
"Now t h a t  y o u ' v e  had more e x p e r i e n c e  w i t h  b i o f e e d b a c k  d o e s  
i t  remind you o f  a n y t h i n g ?  How s o ? " ,  " L ast  s e s s i o n  you s a i d
you w ere  d o i n g  ________. How a b o u t  d u r i n g  t h i s  l a s t  s e s s i o n ? " ,
"On a s c a l e  o f  z e r o  ( v e r y  t e n s e )  t o  t e n  ( v e r y  r e l a x e d ) ,  how 
d o  you f e e l  r i g h t  now?";
A f t e r  t h e  t h i r d  s e s s i o n ,  "How d i d  t h a t  seem t o  y o u ? " ,  "During
-h e  f i r s t  s e s s i o n  you  s a i d  you  w ere  d o i n g  _______  and d u r i n g
t h e  s e c o n d  _________ . What a b out  t h i s  l a s t  o n e ? " ,  "On a s c a l e
o f  z e r o  ( v e r y  t e n s e )  t o  t e n  ( v e r y  r e l a x e d ) ,  how do you f e e l  
r i g h t  now?";
"What k i n d s  o f  t h o u g h t s  d i d  you have  d u r i n g  t h e  s e s s i o n ? " ,
"On a s c a l e  o f  z e r o  ( v e r y  t e n s e )  t o  t e n  ( v e r y  t e n s e ) ,  how do  
you f e e l  r i g h t  now?";
A f t e r  t h e  f i f t h  s e s s i o n ,  "How d id  t h a t  seem t o  y o u ? " ,  "What 
w ere  you  d o i n g  m e n t a l l y  d u r i n g  t h e  s e s s i o n ? " ,  "On a s c a l e
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o f  z e r o  ( v a r y  t e n s e )  t o  t e n  ( v e r y  r e l a x e d ) ,  how do you  f e e l  
r i g h t  now?"
Throughout  th e  e x p e r i m e n t a l  s e s s i o n s  t h e  e x p e r i m e n t e r  m a i n t a i n e d  
a p l e a s a n t ,  r e l a x e d ,  m a t t e r  o f  f a c t ,  m i l d l y  o p t i m i s t i c  d em ea n o r .  He 
d id  a v o i d ,  h o w e v e r ,  e x t e n s i v e  c o n v e r s a t i o n s  w i t h  t h e  s u b j e c t s  u n t i l  t h e  
BFT s e s s i o n s  w ere  c o m p l e t e d .  At t h e  end o f  t h e  e x p e r i m e n t a l  s e s s i o n  
e a c h  s u b j e c t  was d e b r i e f e d  a s  c o m p l e t e l y  a s  p o s s i b l e  and a t  th e  end o f  
t h e  s t u d y  th e  r e s u l t s  o f  t h e  s t u d y  were  made a v a i l a b l e  t o  a n y  i n t e r e s t e d  
s u b j e c t  s .
Data ana l y s i s
To t e s t  f o r  p e r c e i v e d  d i f f e r e n c e s  on t h e  two s e t s  o f  i n s t r u c t i o n s  
i n  t h e  p i l o t  s t u d y ,  t - t e s t s  were  p er form ed  on t h e  mean r a t i n g s  o f  t h e  
two g r o u p s  f o r  e a c h  i t e m  o f  t h e  I n s t r u c t i o n  R e s p o n s e  Form.
A 2 X 2 r e p e a t e d  m e a s u r e s  f a c t o r i a l  d e s i g n  was u s e d  t o  e v a l u a t e  
d i f f e r e n c e s  i n  EMG a c t i v i t y  b e t w e e n  t h e  p r e i n s t r u c t i o n  and p o s t i n s t r u c ­
t i o n  b a s e l i n e s  w h ic h  may have  b e e n  a s s o c i a t e d  w i t h  t h e  s u b j e c t s  h a v in g  
d i f f e r e n t  i n s t r u c t i o n  s e t s .  The u n i t s  i n  t h i s  a n a l y s i s  were  t h e  means  
o f  t h r e e  1 -m in u te  d a t a  p e r i o d s .  There  w ere  24  s u c h  e x p e r i m e n t a l  u n i t s  
a s s o c i a t e d  w i t h  e a c h  o f  t h e  P R - - p r e i n s t r u c t i o n , P R - - p o s t i n s t r u c t i o n ,
A T - - p r e i n s t r u c t i o n , A T - - p o s t i n s t r u c t i o n  b a s e l i n e s .
A f a c t o r i a l  a r r a n g e m e n t  o f  m ain  e f f e c t  t r e a t m e n t s ,  i n s t r u c t i o n  
s e t  and f e e d b a c k  mode,  w i t h  t r a i n i n g  s e s s i o n s  a s  a r e p e a t e d  measuLe and  
3 -m in u te  t im e  p e r i o d s  w i t h i n  t r a i n i n g  s e s s i o n s  a s  a r e p e a t e d - r e p e a t e d  
m easu re  was u s e d  t o  a n a l y z e  f o r  c h a n g e s  i n  EMG a c t i v i t y  d u r i n g  th e  
b i o f e e d b a c k  t r a i n i n g  p o r t i o n  o f  t h e  s t u d y .  The i n i t i a l  3 - m i n u t e  t im e
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p e r i o d  w i t h i n  e a c h  t r a i n i n g  s e s s i o n  was d ropp ed  from t h e  a n a l y s i s  
b e c a u s e  t h e  s u b j e c t s  o f  t h e  PR c o n d i t i o n s  were  f l e x i n g  t h e i r  m u s c l e s  and  
i n c l u d i n g  t h i s  d a ta  would have o n l y  o b s c u r e d  any p o s s i b l e  d i f f e r e n c e s  
b e tw e e n  t h e  i n s t r u c t i o n  c o n d i t i o n s .  The e x p e r i m e n t a l  u n i t s  i n  t h i s  
a n a l y s i s  were  t h e  mean EMG a c t i v i t y  o f  t h r e e  1 -m in u te  d a t a  p e r i o d s ;  
t h e r e  were  f o u r  s u c h  u n i t s  i n  e a c h  t r a i n i n g  s e s s i o n .
A s e c o n d  a n a l y s i s  o f  t h e  c h a n g e s  i n  EMG a c t i v i t y  d u r i n g  th e  BFT 
segment  o f  t h e  s t u d y  was c o n d u c t e d  t o  d e t e r m i n e  t h e  e f f e c t  o f  the  
v a r i a t i o n  i n  EMG l e v e l s  w i t h i n  e a c h  o f  th e  3 -ra inute  t im e  p e r i o d s .
The same d e s i g n  a s  d e s c r i b e d  i n t n e d i a t e l y  a b o v e  was u sed  but t h e  a d d i ­
t i o n a l  s o u r c e  o f  v a r i a t i o n  was a d d e d .  The u n i t s  i n  t h i s  a n a l y s i s  were  
t h e  a v e r a g e  a m p l i t u d e  o f  EMG a c t i v i t y  i n  uVs f o r  e a c h  1 -m in u te  d a t a  
p e r i o d ,
R e s u l t s  were  a c c e p t e d  a s  s i g n i f i c a n t  i f  t h e y  e x c e e d e d  th e  ,05  
s i g n i f i c a n c e  l e v e l .
RESULTS
R e s u l t s  o f  t h e  p i l o t  s t u d y  on s u b j e c t  r a t i n g s  o f  th e  i n s t r u c t i o n  
s e t s  a r e  r e p o r t e d  f i r s t .  Changes i n  EMG l e v e l s  d u r i n g  t h e  b a s e l i n e s  
a r e  d i s c u s s e d  s e c o n d  and c h a n g e s  i n  EMG a c t i v i t y  d u r i n g  t h e  b i o f e e d b a c k  
segment o f  t h e  s t u d y  a r e  th e n  r e v i e w e d .  S u b j e c t  i n t e r v i e w  r e s p o n s e s  
a r e  t h e n  p r e s e n t e d .
P i l o t  S tu dy  on I n s t r u c t i o n  S e t s . S u b j e c t s  who heard  t h e  AT 
i n s t r u c t i o n s  r a t e d  t h o u g h t s  and f e e l i n g s  ( t  =* 4 . 6 0 ,  p ^ , 0 1 )  and 
r e m a i n i n g  m o t i o n l e s s  ( t  * 3 . 1 0 ,  p < . 0 1 )  a s  b e i n g  more i m p o r t a n t  th a n  
d id  s u b j e c t s  who h eard  t h e  PR i n s t r u c t i o n s .  The AT i n s t r u c t i o n s  were  
a l s o  r a t e d  a s  t e l l i n g  t h e  s u b j e c t s  t o  be more p a s s i v e  ( t  * 2 . 3 8 ,  
p ^ . O S )  th an  t h e  PR i n s t r u c t i o n s .  S u b j e c t s  who h eard  t h e  PR i n s t r u c ­
t i o n s  r a t e d  p a y i n g  c l o s e  a t t e n t i o n  t o  m u s c l e  s e n s a t i o n s  a s  more 
im p o r ta n t  ( t  = 2 . 3 8 ,  p < . 0 5 )  th a n  s u b j e c t s  who h e a r d  t h e  AT i n s t r u c ­
t i o n s .  The b i o f e e d b a c k  s i g n a l ,  b e i n g  i n t e r e s t e d  or  d i s i n t e r e s t e d  i n  
r e s u l t s ,  and how t h e i r  m u s c le  w ould  f e e l  when t e n s e  and when r e l a x e d  
were n o t  r a t e d  a s  b e i n g  s i g n i f i c a n t l y  more i m p o r t a n t  t o  one  s e t  o f  
i n s t r u c t i o n s  th an  t o  t h e  o t h e r .  T a b le  1 c o n t a i n s  t h e  mean r a t i n g  o f  
e a c h  grou p  and t h e  s t a t i s t i c a l  s i g n i f i c a n c e  o f  e a c h  c o m p a r i s o n  f o r  
e a c h  o f  t h e  I n s t r u c t i o n  R espon se  Form i t e m s .
EMG L e v e l  C hanges:  B a s e l i n e s . S t a t i s t i c a l  a n a l y s i s  o f  c h a n g e s
i n  EMG l e v e l s  d u r i n g  th e  b a s e l i n e s  i n d i c a t e d  t h a t  t h e  p o s t  i n s t r u c t i o n  
b a s e l i n e  mean was s i g n i f i c a n t l y  lo w er  th an  th e  p r e i n s t r u c t i o n  b a s e l i n e
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T a b l e  1
PILOT SUBJECT MEAN RATINGS OF AUTOGENIC TRAINING
AND PROGRESSIVE RELAXATION INSTRUCTIONS
Item AT mean PR mean
. . . t h e  b i o f e e d b a c k  
s i g n a l  w i l l  be 5 . 7 6 . 1
. . . my t h o u g h t s  and  
f e e l i n g s  w i l l  be 5 . 4 3 . 1 * *
. . . r e m a i n i n g  r e l a t i v e l y  
m o t i o n l e s s  w i l l  be 6 . 1 4 . 8 * *
. . . l e a r n i n g  how my 
m u s c le  f e e l s  when t e n s e  
and when r e l a x e d  i s 5 . 5 5 . 7
. . . p a y in g  c l o s e  a t t e n t i o n  
t o  my m u s c l e  s e n s a t i o n s  
w i l l  be 4 . 4 5 . 4 *
a c t i v e  -  p a s s i v e 5 . 9 4 . 9 *
d i s i n t e r e s t e d  i n  r e s u l t s  -  
i n t e r e s t e d  i n  r e s u l t s 4 . 7 5 . 2
* p < . 0 5
**  p <  . 01
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f o r  b o th  i n s t r u c t i o n  c o n d i t i o n s  (F = 9 . 4 9 ,  p < . 0 1 ) ,  t h e  form er  
r e p r e s e n t s  an 117. d e c r e a s e  from t h e  l a t t e r .  The i n s t r u c t i o n  c o n d i t i o n  
d i d  n o t  s i g n i f i c a n t l y  a f f e c t  EMG l e v e l s  nor  was  t h e r e  a s i g n i f i c a n t  
i n t e r a c t i o n  b e tw e e n  t h e  p re  -  p o s t  and i n s t r u c t i o n  c o n d i t i o n s .  T a b le  2 
i s  a summary o f  t h e s e  f i n d i n g s .
EMG L e v e l  C h a n g e s : B i o f e e d b a c k  T r a i n i n g . The two i n s t r u c t i o n
s e t s ,  AT and PR, were  not  accom p an ied  by s i g n i f i c a n t l y  d i f f e r e n t  EMG 
a c t i v i t y  l e v e l s .  The EMG uV l e v e l s  a s s o c i a t e d  w i t h  a u d i t o r y  f e e d b a c k  
were on t h e  a v e r a g e  257, lo w er  a c r o s s  t r a i n i n g  s e s s i o n s  and a c r o s s  t im e  
p e r i o d s  th an  t h e  EMG uV l e v e l s  a s s o c i a t e d  w i t h  t a c t i l e  f e e d b a c k .  T h is  
d i f f e r e n c e  was s t a t i s t i c a l l y  s i g n i f i c a n t  (F =■ 5 . 6 8 ,  p < . 0 5 ) .  The 
i n t e r a c t i o n  b e tw e e n  t h e  two i n s t r u c t i o n  c o n d i t i o n s  and th e  two f e e d b a c k  
modes was n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .
To g a i n  a b e t t e r  u n d e r s t a n d i n g  o f  t h e  d i s t r i b u t i o n  o f  c h a n g e s  i n  
EMG a c t i v i t y  a s s o c i a t e d  w i t h  t h e  t r e a t m e n t  c o n d i t i o n s ,  p e r c e n t  ch an ge  
s c o r e s  b ased  on e a c h  i n d i v i d u a l  s u b j e c t ' s  own mean b a s e l i n e ,  w ere  
c a l c u l a t e d  f o r  e a c h  t r a i n i n g  s e s s i o n .  T h ere  were  2 40  t r a i n i n g  s e s s i o n s ;  
84 had d e c r e a s e s  o f  40% or  g r e a t e r ;  92 had d e c r e a s e s  o f  2 0  t o  39%; 34 
had d e c r e a s e s  o f  0  t o  19%; 30 t r a i n i n g  s e s s i o n s  had i n c r e a s e s  i n  EMG 
a c t i v i t y  l e v e l s .  A l t h o u g h  t h e  d i s t r i b u t i o n  o f  f r e q u e n c y  o f  o c c u r r e n c e  
o f  t h e  p e r c e n t  ch an ge  c a t e g o r i e s  among t h e  f o u r  t r e a t m e n t  g r o u p s  
a p p e a r e d  t o  i n d i c a t e  an  i n t e r a c t i o n  b e tw e e n  f e e d b a c k  mode and i n s t r u c ­
t i o n  s e t  i n  a i d i n g  d e c r e a s e s  i n  EMG a c t i v i t y ,  c h i  s q u a r e  t e s t s  showed  
no s i g n i f i c a n t  d e v i a t i o n  i n  f r e q u e n c i e s  w i t h i n  a p e r c e n t  change  c a t e ­
g o r y  a c r o s s  t r e a t m e n t  g r o u p s .  T a b le  4 c o n t a i n s  t h e  d i s t r i b u t i o n  o f
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TABLE 2
STATISTICAL ANALYSIS OF CHANGES IN EMG ACTIVITY BETWEEN 
THE PRE AND POSTINSTRUCTION BASELINES
Source d f SS MS F P
I n s t r u c t i o n  s e t 1 2 . 4 6 2 .46 1 .01 ns
I n d i v i d u a l s  w i t h i n  
i n s t r u c t i o n  s e t 46 1 1 2 . 4 2 2 . 4 4
Time 1 3 . 5 1 3 . 5 1 9 . 4 9 .01
I n s t r u c t i o n  s e t  X 
Time 1 .17 . 17 .46 ns
I n d i v i d u a l  X Time
w i t h i n  i n s t r u c t i o n s 46 1 6 . 9 2 .3 7 2 . 8 5 .01
R e s id u a  1 192 2 4 . 4 4 .1 3
T o t a l 287  1 5 9 . 9 2
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TABLE 3
STATISTICAL ANALYSIS OF EMG CHANGES DURING 
BIOFEEDBACK TRAINING
Sou rce d f SS MS t P
I n s t r u c t i o n  s e t  ( S e t ) 1 1 . 0 7 1 .0 7 . 17 ns
Feedback  Mode (FM) 1 3 4 . 9 1 3 4 .9 1 5 . 6 8 .05
S et  X FM 1 8 . 7 4 8 .  74 1 .4 2 n s
E rror  A 44 2 7 0 . 5 5 6 . 1 5
T r a i n i n g  S e s s i o n  (S ) 4 1 6 .2 2 4 . 0 5 9 . 6 4
oo
•
S e t  X S 4 .51 .1 3 .31 n s
FM X S 4 2 . 3 7 . 5 9 1 . 4 0 ns
S et  X FM X S 4 1 . 9 3 .4 8 1 . 1 4 ns
E rror  B 176 7 4 . 5 3 .42
Time P e r i o d  (TP) 3 3 . 1 2 1 . 0 4 1 7 . 3 3 . 0 0
S e t  X TP 3 .3 3 .1 1 1 . 8 3 n s
FM X TP 3 .1 3 .0 4 .67 n s
S e t  X FM X TP 3 .0 3 .01 .17 n s
S X TP 12 1 . 4 5 .12 2 . 0 0 .0 5
S e t  X S X TP 12 1 . 1 3 .0 9 1 . 3 3 n s
FM X S X TP 12 .3 9 .03 . 5 0 n s
Set  X FM X S X TP 12 . 5 4 .0 5 .8 3 n s
E rror  C 528 3 3 . 9 6 .06
R e s i d u a l 132 1 5 . 1 3 .11
T o t a l 959 4 6 7 . 0 4
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TABLE 4
FREQUENCY OF OCCURRENCE OF PERCENT CHANGE 
CATEGORIES FOR TREATMENT GROUPS
P e r c e n t  Change 
C a te g o r y
Treatm ent Groups
PR - A PR -  T AT - A AT - T
40% d e c r e a s e 32 ( 1 0 ) * 19 (7) 23 (6) 10 ( 5 )
2 0  t o  3970 d e c r e a s e 20 ( 1 0 ) 2 0 ( 9 ) 24 <9) 28 ( 1 1 )
0 t o  197. d e c r e a s e 3 (3 ) 13 (7) 6 ( 2 ) 13 ( 8 )
i n c r e a s e 5 (2 ) 8 (4) 7 ( 3 ) 9 (8)
* P a r e n t h e s e s  c o n t a i n  number o f  s u b j e c t s  h a v i n g  a t  l e a s t  one  
su ch  t r a i n i n g  s e s s i o n .
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t r a i n i n g  s e s s i o n s  and t h e  number o f  s u b j e c t s  a c c o u n t i n g  f o r  th e  s e s s i o n s  
o f  e a c h  p e r c e n t  ch an ge  c a t e g o r y  i n  e a c h  t r e a t m e n t  c o n d i t i o n .
EMG uV a c t i v i t y  l e v e l s  s i g n i f i c a n t l y  d e c r e a s e d  a c r o s s  t r a i n i n g  
s e s s i o n s  (F = 9 . 6 4 ,  p t^ .O O O l) ,  33% from t h e  p o s t  i n s t r u c t  i o n  b a s e l i n e  
mean. The f i r s t  two t r a i n i n g  s e s s i o n s  p rodu ced  t h e  g r e a t e s t  d e c r e a s e s  
i n  a c t i v i t y  but t h e  d e c r e a s e s  had l e v e l e d  o f f  by t h e  f o u r t h  t r a i n i n g  
s e s s i o n .  EMG uV a c t i v i t y  l e v e l s  a l s o  s i g n i f i c a n t l y  d e c r e a s e d  a c r o s s  
t im e p e r i o d s  w i t h i n  t r a i n i n g  s e s s i o n s  (F “ 1 7 . 3 3 ,  p-cr.OOOl),  29% frocn 
t h e  p o s t i n s t r u c t i o n  b a s e l i n e  mean. The g r e a t e s t  d e c r e a s e s  i n  a c t i v i t y  
a l s o  came i n  th e  f i r s t  few t im e  p e r i o d s  but  t h e  d e c r e a s e s  had e s s e n ­
t i a l l y  l e v e l e d  o f f  by t h e  t h i r d  t im e  p e r i o d .
The i n t e r a c t i o n  o f  t r a i n i n g  s e s s i o n s  and t im e  p e r i o d s  was 
s i g n i f i c a n t  (F = 2 . 0 0 ,  p ^ . 0 5 ) .  The r e s p o n s e  c u r v e  f o r  t h e  f i r s t  
t r a i n i n g  s e s s i o n  r e p r e s e n t s  a f a i r l y  l i n e a r  d e c r e a s e  i n  EMG a c t i v i t y .
The c u r v e  f o r  t h e  s eco n d  t r a i n i n g  s e s s i o n  i s  a l s o  f a i r l y  l i n e a r ,  but  
t h e r e  i s  an i n c r e a s e  i n  EMG a c t i v i t y  d u r i n g  t h e  l a s t  t im e p e r i o d  o f  th e  
s e s s i o n .  The r e m a i n i n g  c u r v e s  a l s o  have  t h e  i n c r e a s e  i n  EMG a c t i v i t y  
d u r i n g  t h e  l a s t  t im e  p e r i o d  but t h e  s l o p e s  o f  t h e s e  c u r v e s  a r e  c o n ­
s i d e r a b l y  f l a t t e r .  S t i l l  e a c h  t r a i n i n g  s e s s i o n ' s  p e r fo r m a n c e  c u r v e  i s  
g e n e r a l l y  lo w e r  th a n  t h a t  o f  t h e  p r e c e d i n g  s e s s i o n .  F i g u r e  2 i l l u s ­
t r a t e s  t h e s e  f i n d i n g s .
No o t h e r  e f f e c t s  w ere  found t o  be s t a t i s t i c a l l y  s i g n i f i c a n t  and 
T a b le  3 i s  a summary o f  t h e s e  f i n d i n g s .
An a d d i t i o n a l  a n a l y s i s  was c o n d u c t e d  u s i n g  t h e  d e s i g n  i n  T a b le  3 
but i n c o r p o r a t i n g  a s  an a d d i t i o n a l  s o u r c e  o f  v a r i a t i o n  t h e  v a r i a t i o n  
i n  uV a c t i v i t y  l e v e l s  w i t h i n  e a c h  3 - m i n u t e  t im e  p e r i o d .  T h i s  a n a l y s i s
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S e s s i o n  1 
S e s s i o n  2
S e s s i o n  3
S e s s i o n  4
S e s s i o n  5
2 3 5
Time P e r i o d
F i g u r e  2 .  Mean EMG a c t i v i t y  l e v e l s  o f  3 -m in u te  t im e  p e r i o d s  
w i t h i n  e a c h  o f  t h e  f i v e  t r a i n i n g  s e s s i o n s  o f  t h e  
EMG b i o f e e d b a c k  t r a i n i n g  segm ent  o f  t h e  s t u d y .
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0*
O AT-A
•  AT-T
□ PR -A8
PR-T
6
.4
.2
.0
1 2 43 5
T r a i n i n g  S e s s i o n
F i g u r e  3 .  Mean EMG a c t i v i t y  o f  t h e  t r e a t m e n t  g r o u p s  ( A u t o g e n i c  
T r a i n i n g  i n s t r u c t i o n s  (AT) w i t h  a u d i o  f e e d b a c k  ( A ) ,  
AT w i t h  t a c t i l e  f e e d b a c k  ( T ) ,  P r o g r e s s i v e  R e l a x a t i o n  
i n s t r u c t i o n s  (PR) w i t h  A, PR w i t h  T) f o r  e a c h  o f  
t h e  f i v e  t r a i n i n g  s e s s i o n s  o f  t h e  EMG b i o f e e d b a c k  
t r a i n i n g  segm ent  o f  t h e  s t u d y .
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co n f ir m e d  t h e  s i g n i f i c a n c e  o f  t h e  f e e d b a c k  mode,  t r a i n i n g  s e s s i o n  and 
t im e  p e r i o d  main e f f e c t s  o f  T a b le  3 .  The a d d i t i o n a l  s o u r c e  o f  v a r i a ­
t i o n  c a u s e d  t h e  t r a i n i n g  s e s s i o n  X t im e  p e r i o d  e f f e c t  t o  be n o n s i g n i f i ­
c a n t ;  no a d d i t i o n a l  e f f e c t s  w ere  s i g n i f i c a n t  i n  t h i s  a n a l y s i s .  The 
a v e r a g e  v a r i a n c e  i n  EMG a c t i v i t y  a s s o c i a t e d  w i t h  a 3 - m in u t e  t im e  p e r i o d  
was . 0 9  u V s .
S u b j e c t  I n t e r v i e w  R e s p o n s e s . The b e h a v i o r  o f  t h e  s u b j e c t s  i n  th e  
PR c o n d i t i o n  seemed t o  i n d i c a t e  t h a t  t h e y  w ere  f o l l o w i n g  the  i n s t r u c ­
t i o n s  s i n c e  t h e y  a l l  f l e x e d  and th e n  r e l a x e d  t h e i r  f o r e h e a d  m u s c l e  
d u r in g  t h e  i n i t i a l  3 - m in u t e  t im e  p e r i o d  o f  e a c h  t r a i n i n g  s e s s i o n .  
Com pl iance  w i t h  th e  i n s t r u c t i o n s  o f  t h e  AT c o n d i t i o n  was g e n e r a l l y  
d e m o n s t r a t e d  by t h e  s u b j e c t s '  s e l f - r e p o r t s  f o l l o w i n g  t h e  t r a i n i n g  
s e s s i o n s .  D u r in g  t h e  r e m a i n i n g  12 m i n u t e s  o f  e a c h  1 5 -m in u te  t r a i n i n g  
s e s s i o n ,  t h e  PR s u b j e c t s  t e n d e d ,  h o w e v e r ,  t o  adopt  s t r a t e g i e s  n o t  u n l i k e  
t h o s e  o f  t h e  AT s u b j e c t s .  In  b o th  c o n d i t i o n s  th e  s u b j e c t s  a p p e a r e d  t o  
u s e  t h e  d e t a i l e d  i n s t r u c t i o n s  a s  jum ping  o f f  p o i n t s  from w h ich  t h e y  
d e v e l o p e d  i d i o s y n c r a t i c  s t r a t e g i e s .
W i th in  t h e  84 t r a i n i n g  s e s s i o n s  i n  w h ich  s u b j e c t s  a c h i e v e d  a 40% 
or g r e a t e r  d e c r e a s e  i n  EMG a c t i v i t y ,  s u b j e c t  s e l f - r e p o r t s  were  r o u g h l y  
lumped i n t o  s i x  somewhat d i s t i n c t  c a t e g o r i e s .  In s e v e n  o f  t h e s e  84  
t r a i n i n g  s e s s i o n s  s u b j e c t s  r e p o r t e d  f e e l i n g  d r o w s y ,  or t h a t  t h e y  were  
f a l l i n g  a s l e e p .  In  e i g h t  s e s s i o n s  s u b j e c t s  r e p o r t e d  r e l a x i n g  a l l  o f  
t h e i r  m u s c l e s ,  and i n  e i g h t  o t h e r  s e s s i o n s  s u b j e c t s  r e p o r t e d  t h i n k i n g  
o f  th e  f e e d b a c k  s i g n a l .  S u b j e c t s  r e p o r t e d  t h a t  i n  t e n  s e s s i o n s  t h e y  
were not  t h i n k i n g  a t  a l l  or h a v i n g  a b la n k  m in d .  Daydream ing ,  a f l o w  o f
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t h o u g h t s  nr muntn I dr i  R i n g  was r e p o r t e d  i n  16 s e s s i o n s .  In th e  r e ­
m a in in g  35 t r a i n i n g  s e s s i o n s  t h e  s u b j e c t s  r e p o r t e d  u t i l i z i n g  c o m b in a ­
t i o n s  o f  th e  above  f i v e  c a t e g o r i e s ,  u s i n g  t h e  i n s t r u c t i o n s ,  f e e l i n g  
numb, c o n c e n t r a t i n g  on t h e i r  r e s p i r a t i o n ,  and t h i n k i n g  t h i n g s  w hich  
a p p e a r e d  t o  be u n r e l a t e d  t o  any s y s t e m a t i c  c o g n i t i v e  s t r a t e g y  f o r  
p i^ . io c i i t g  d e c r e a s e d  a c t i v i t y  i n  t h e i r  m u s c l e .
Of t h e  92 t r a i n i n g  s e s s i o n s  i n  w h ich  20  t o  397, d e c r e a s e s  i n  EMG 
a c t i v i t y  o c c u r r e d ,  s u b j e c t s  r e p o r t e d  f e e l i n g  drowsy  or f a l l i n g  a s l e e p  
i n  one s e s s i o n ,  t h i n k i n g  o f  t h e  f e e d b a c k  s i g n a l  i n  f i v e  s e s s i o n s ,  n o t  
t h i n k i n g  or h a v i n g  a b lan k  mind i n  e i g h t  s e s s i o n s ,  and d a y d r e a m in g ,  
d r i f t i n g  or a f l o w  o f  t h o u g h t s  i n  15 s e s s i o n s .  In t h e  r e m a i n i n g  63  
t r a i n i n g  s e s s i o n s  s u b j e c t s  r e p o r t e d  c o m b i n a t i o n s  o f  t h e  a b o v e  c a t e g o ­
r i e s ,  more use  o f  t h e  i n s t r u c t i o n s  i n  g e n e r a l ,  and a g a i n  a p p a r e n t l y  
u n r e l a t e d  t h o u g h t  p r o c e s s e s .
S u b j e c t  r e p o r t s  i n  t h e  s e s s i o n s  i n  w h ich  EMG a c t i v i t y  d e c r e a s e d  
0 t o  197, and i n  t h o s e  i n  w h ich  i t  i n c r e a s e d  a r e  g e n e r a l l y  f l a v o r e d  by 
i n c r e a s e d  s e l f - c o n s c i o u s n e s s ,  c o n c e r n  o v e r  p e r f o r m a n c e ,  and r e p o r t s  o f  
more c o n s c i o u s  e f f o r t  i n  t r y i n g  t o  p rodu ce  r e l a x a t i o n .
DISCUSSION
The two s e t s  o f  I n s t r u c t i o n s  were  r a t e d  a s  b e i n g  d i f f e r e n t  in  the  
a p p r o p r i a t e  d i r e c t i o n s ,  but t h e y  were  n o t  e n t i r e l y  w i t h o u t  o v e r l a p .  I t  
a p p e a r s ,  t h e r e f o r e ,  t h a t  t h e  two s e t s  o f  i n s t r u c t i o n s  u sed  i n  t h i s  
s t u d y  were  f a i r l y  r e p r e s e n t a t i v e  o f  th e  P r o g r e s s i v e  R e l a x a t i o n  and th e  
A u t o g e n i c  T r a i n i n g  a p p r o a c h e s  t o  t e a c h i n g  m u s c le  r e l a x a t i o n .
A t e m p t in g  c o n c l u s i o n  w h ich  c o u l d  be drawn from t h e  a n a l y s i s  o f  
EMG c h a n g e s  d u r i n g  t h e  b a s e l i n e s  would  be t h a t  i n f o r m i n g  an i n d i v i d u a l  
what w i l l  be e x p e c t e d  o f  him and g i v i n g  him some i d e a  ab ou t  how he may 
g o  about  a c h i e v i n g  t h o s e  r e s u l t s  f a c i l i t a t e s  d e c r e a s i n g  t h e  a c t i v i t y  o f  
t h e  f r o n t a l i s  m u s c l e .  I t  i s  p o s s i b l e  however  t h a t  t h e  r e d u c t i o n  i n  EMG 
l e v e l s  was due p r i m a r i l y  t o  a d a p t a t i o n  t o  the  e x p e r i m e n t a l  s i t u a t i o n .  
F u ture  r e s e a r c h  on t h i s  q u e s t i o n  s h o u l d  i n c l u d e  a "no i n s t r u c t i o n "  
c o n d i t i o n  to  t e s t  t h e  p o s s i b i l i t y  o f  a d a p t a t i o n .
The two s e t s  o f  i n s t r u c t i o n s  were  not  a s s o c i a t e d  w i t h  s i g n i f i c a n t l y  
d i f f e r e n t  l e v e l s  o f  EMG a c t i v i t y  t h u s  c o n f i r m i n g  t h e  h y p o t h e s i s  t h a t  
b oth  t y p e s  o f  i n s t r u c t i o n s  would  be e f f e c t i v e  a i d s  t o  r e l a x i n g  t h e  
f r o n t a l i s  m u s c l e .
The s i g n i f i c a n t l y  lo w er  l e v e l  o f  EMG a c t i v i t y  a ccom p an y in g  th e  
a u d i o  f e e d b a c k  c o n d i t i o n s  was o p p o s i t e  th e  a n t i c i p a t e d  r e s u l t .  F eh m i , 
e t  a i .  ( 1 9 7 2 )  f i n d i n g  t h a t  t a c t i l e  f e e d b a c k  a i d e d  s u b j e c t s  more than  
a u d i  o f e e d b a c k  i n  l e a r n i n g  t o  c o n t r o l  f r o n t a l  lo b e  a l p h a  rhythm may be 
s p e c i f i c  t o  a lp h a  rhythm BFT. T a c t i l e  f e e d b a c k  may n o t ,  t h e r e f o r e ,  be 
b e t t e r  than  a u d i o  f e e d b a c k  f o r  a l l  t y p e s  o f  BFT. There a r e  a t  l e a s t  two
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p o s s i b l e  e x p l a n a t i o n s  f o r  th e  o b t a i n e d  r e s u l t s .  The d i f f e r e n c e s  found  
i n  t h i s  s t u d y  may have been  based  on th e  s u b j e c t s  i n a b i l i t y  t o  p e r c e i v e  
m e a n i n g f u l  c h a n g e s  i n  th e  t a c t i l e  s i g n a l  used  in  t h i s  s t u d y .  I t  i s  a l s o  
p o s s i b l e  t h a t  t h e  t a c t i l e  f e e d b a c k  produced  a r o u s a l ,  s i n c e  i t  f e e l s  
somewhat s e n s u o u s  a t  seme f r e q u e n c i e s ,  and t h i s  a r o u s i n g  n a t u r e  may a c t  
a s  an impediment  t o  v e r y  d eep  l e v e l s  o f  r e l a x a t i o n .  The f i n d i n g s  t h a t  
t h e  t a c t i l e  mode was a s s o c i a t e d  w i t h  c o n s i s t e n t l y  h i g h e r  l e v e l s  o f  EMG 
a c t i v i t y  th r o u g h o u t  th e  s t u d y  and t h e  l a c k  o f  i n t e r a c t i o n s  i n v o l v i n g  
t h e  f e e d b a c k  mode f a c t o r  t e n d s  t o  s u p p o r t  b o th  o f  t h e s e  e x p l a n a t i o n s .
As e x p e c t e d ,  s u b j e c t s  were a b l e  t o  r e d u c e  t h e i r  EMG a c t i v i t y  
l e v e l s  a c r o s s  th e  t r a i n i n g  s e s s i o n s  and a c r o s s  th e  t im e  p e r i o d s  w i t h i n  
th e  t r a i n i n g  s e s s i o n s .  The p er form an ce  c u r v e s  o f  th e  t r a i n i n g  s e s s i o n  
X t im e p e r i o d  i n t e r a c t i o n  a p p ea r  t o  r e p r e s e n t  f a i r l y  s y s t e m a t i c  c h a n g e s  
i n  EMG a c t i v i t y  i n d i c a t i n g  t h a t  t h e  s u b j e c t s  were  a b l e  t o  a c q u i r e  some 
s k i l l  i n  v o l u n t a r i l y  r e d u c i n g  t h e i r  m u s c l e  t e n s i o n  l e v e l s .  When com­
b in e d  w i t h  t h e  ab ove  f i n d i n g  th e  n o n s i g n i f i c a n t  i n t e r a c t i o n  o f  th e  
i n s t r u c t i o n  s e t s  and f e e d b a c k  modes i n d i c a t e s  t h a t  th e  t r e a t m e n t  c o n d i ­
t i o n s  were  e f f e c t i v e  a i d s  t o  th e  s u b j e c t s  i n  r e l a x i n g  t h e i r  f r o n t a l i s  
m u s c l e .  Only  fo u r  o f  t h e  48  s u b j e c t s  a p p e a r e d  not t o  l e a r n  t o  r e l a x  
t h e i r  f r o n t a l i s  m u s c l e .
The s eco n d  a n a l y s i s  o f  v a r i a n c e  w h ich  i n c o r p o r a t e d  th e  v a r i a t i o n  
i n  EMG a c t i v i t y  w i t h i n  t h e  3 -m in u te  t im e  p e r i o d s  o f  th e  t r a i n i n g  
s e s s i o n s  i n d i c a t e d  t h a t  t h e  t r a i n i n g  s e s s i o n  X t im e p e r i o d  i n t e r a c t i o n  
was n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  The r e s p o n s e  c u r v e s  r e p r e s e n t e d  i n  
F i g u r e  2 a r e  o f  a t y p e  w e l l  known t o  t h e  p s y c h o l o g y  o f  l e a r n i n g  l i t e r a ­
t u r e .  T h i s  secon d  s t a t i s t i c a l  a n a l y s i s  o b s c u r e d  t h e  s k i l l  a c q u i s i t i o n
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e f f e c t  a s s o c i a t e d  w i t h  th e  EMG BFT. T h i s  a n a l y s i s  a p p e a r s  t o  be a t  t o o  
f i n e  a l e v e l  f o r  e x p l o r i n g  t h e  l e a r n i n g  p r o c e s s e s  o f  EMG BFT.
The m ajor  h y p o t h e s i s  t e s t e d  i n  t h e  s t u d y ,  t h a t  t h e  f o u r  t r e a t m e n t  
c o n d i t i o n s  would p rod u ce  d i f f e r e n t  t y p e s  o f  p e r fo r m a n c e  c u r v e s ,  was n o t  
s u p p o r t e d  by th e  r e s u l t s .  None o f  th e  i n t e r a c t i o n s  i n  w hich  t h e  e f f e c t  
was e x p e c t e d  t o  be s e e n  were  found t o  be s t a t i s t i c a l l y  s i g n i f i c a n t .
The r e s p o n s e  c u r v e s  o f  t h e  i n s t r u c t i o n  s e t  X f e e d b a c k  X t r a i n i n g  s e s s i o n  
i n t e r a c t i o n ,  shown i n  F i g u r e  3 ,  a r e  s t r i k i n g l y  s i m i l a r  and t h e  p o w e r f u l  
e f f e c t  o f  w hich  t y p e  o f  f e e d b a c k  was a v a i l a b l e  can  be c l e a r l y  s e e n .
W ith in  th e  a u d i o  f e e d b a c k  c o n d i t i o n  t h e  two r e s p o n s e  c u r v e s  f o r  th e  AT 
and PR i n s t r u c t i o n s  a r e  a lm o s t  i d e n t i c a l .
W i t h in  t h e  c o n t e x t  o f  t h e  p r e s e n t  s t u d y ,  t h e  h y p o t h e s i z e d  d i f f e r ­
e n c e s  i n  l e a r n i n g  s t r a t e g y  r e p r e s e n t e d  by t h e  A u t o g e n i c  T r a i n i n g  and 
P r o g r e s s i v e  R e l a x a t i o n  i n s t r u c t i o n s  may have b een  o n l y  s l i g h t  v a r i a t i o n s  
i n  s e m a n t i c s  s i n c e ,  a s  r e p o r t e d  a b o v e ,  t h e  s u b j e c t s  i n  t h e  t r e a t m e n t  
c o n d i t i o n s  t e n d e d  t o  u s e  s i m i l a r  s t r a t e g i e s  f o r  r e d u c i n g  t h e i r  EMG 
l e v e l s .  The u n d e r l y i n g  m echanisms w hich  m e d i a t e d  t h e  r e d u c t i o n s  i n  EMG 
a c t i v i t y  f o r  t h e  s u b j e c t s  i n  t h e  e x p e r i m e n t  may have  b een  s i m i l a r  i n  
s p i t e  o f  t h e  c o n s i d e r a b l e  d i f f e r e n c e s  i n  t h e  r e p o r t s  w h ich  t h e  s u b j e c t s  
g ave  o f  t h e i r  c o g n i t i v e  a c t i v i t y .  Such a c o m m o n a l i ty  i s  s u g g e s t e d  by 
t h e  s t r a t e g i e s  r e p o r t e d  by t h e  s u b j e c t s  who red u ced  t h e i r  EMG a c t i v i t y  
by 40% or  more .  Those  s t r a t e g i e s  a p p e a r e d  t o  i n v o l v e  a s u s p e n s i o n  o f  
l o g i c a l ,  t i m e - o r d e r e d , g o a 1 - o r i e n t e d  t h o u g h t  p r o c e s s e s .  Such  th o u g h t  
p r o c e s s e s  have  been  a s s o c i a t e d  w i t h  a r e c e p t i v e ,  a p p o s i t i o n s  1 ,  i n t u i t i v e -  
h o l i s t i c  mode o f  c o n s c i o u s n e s s  g e n e r a l l y  a t t r i b u t e d  t o  t h e  a c t i v i t y  o f  
t h e  r i g h t  h e m is p h e r e  (B ogen ,  1973;  Delkman, 1973;  O r n s t e i n ,  1 9 7 2 ) :  The
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s u b j e c t s ' r e p o r t s  o f  t h e i r  a d o p te d  l e a r n i n g  s t r a t e g i e s  s u g g e s t  h y p o t h e s e s  
w hich  have  n o t  b een  f u l l y  d e v e l o p e d  or e x p l o r e d  i n  t h e  c u r r e n t  b i o f e e d ­
back l i t e r a t u r e .
I f  t h e  c o g n i t i v e  p r o c e s s e s  i n v o l v e d  i n  m e d i a t i n g  t h e  c h a n g e s  i n  
EMG a c t i v i t y  l e v e l s  d u r i n g  b i o f e e d b a c k  t r a i n i n g  a r e  assumed t o  be b ased  
p r i m a r i l y  on t h e  a c t i v i t y  o f  t h e  r i g h t  h e m i s p h e r e ,  th e n  t h e  t h e o r e t i c a l  
d i s p a r i t y  b e tw een  t h e  p o s i t i o n s  o f  Brown ( 1 9 7 4 )  and o f  B asm aj ian  &
Simard ( 1 9 6 7 )  and L e i b r e c h t ,  e t  a l .  ( 1 9 7 3 )  r e g a r d i n g  s u b j e c t  u se  o f  t h e  
f e e d b a c k  s i g n a l  c o u l d  be r e s o l v e d .  A s i n g l e  u n d e r l y i n g  mechanism c o u ld  
be p ro p o sed  i n v o l v i n g  c o r t i c a l  and s u b c o r t i c a l  s t r u c t u r e s .  Such a 
mechanism c o u l d  a l s o  m e d i a t e  t h e  e f f e c t s  o b t a i n e d  by P r o g r e s s i v e  R e l a x a ­
t i o n  and A u t o g e n i c  T r a i n i n g .
O r n s t e i n  ( 1 9 7 2 )  has  s t a t e d  t h a t  t h e  " e v i d e n c e  seems t o  i n d i c a t e  
t h a t  the  l e f t  h e m is p h e r e  i s  more a n a t o m i c a l l y  s p e c i a l i z e d  f o r  t h e  d i s ­
c r e t e ,  f o c a l  i n f o r m a t i o n - p r o c e s s i n g  u n d e r l y i n g  l o g i c ,  and t h a t  t h e  r i g h t  
h e m is p h e r e  i s  more d i f f u s e l y  o r g a n i z e d ,  w h ich  i s  a d v a n t a g e o u s  f o r  o r i e n ­
t a t i o n  i n  s p a c e  and f o r  o t h e r  s i t u a t i o n s  w h ic h  r e q u i r e  s i m u l t a n e o u s  
p r o c e s s i n g  o f  many i n p u t s " ( p .  7 9 - 8 0 ) .  BFT i s  a p r o c e s s  w h ich  a p p e a r s  
t o  r e q u i r e  s i m u l t a n e i t y  i n  p r o c e s s i n g .
On t h e  a n a t o m i c a l  s i d e ,  L u r ia  ( 1 9 7 3 )  has  s t a t e d  t h a t ,  " the  r i g h t  
h e m is p h e r e  i s  d i r e c t l y  c o n c e r n e d  w i t h  th e  a n a l y s i s  o f  d i r e c t  i n f o r m a t i o n  
r e c e i v e d  by t h e  s u b j e c t  from h i s  own body and w h i c h ,  i t  can  e a s i l y  be 
u n d e r s t o o d ,  i s  much more c l o s e l y  c o n n e c t e d  w i t h  d i r e c t  s e n s a t i o n  th a n  
w i t h  v e r b a l l y  l o g i c a l  c o d e s "  ( p .  1 6 5 ) .  L e v y - A g r e a t i  & S p e r r y  ( 1 9 6 8 )  
have s u g g e s t e d  t h a t  t h e  two modes o f  i n f o r m a t i o n  p r o c e s s i n g  may be 
q u i t e  i n c o m p a t i b l e .  Bu d zyn sk i  ( 1 9 7 6 )  has  s u g g e s t e d  t h a t
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P e r h a p s  t h e  d e c r e a s e  i n  c r i t i c a l ,  a n a l y t i c a l ,  l o g i c a l  l i n e a r -  
f u n c t i o n i n g  t h a t  o c c u r s  w i t h  a l o w e r i n g  a r o u s a l  l e v e l  i s  t h e  
g r a d u a l ,  f u n c t i o n a l  d i s a b l i n g  o f  t h e  m a jo r  h e m i s p h e r e .  We 
m igh t  a l s o  s p e c u l a t e  t h a t  t h e  m inor  h e m is p h e r e  i s  n o t  a s  
q u i c k l y  d i s a b l e d  a s  i s  t h e  m ajor  h e m is p h e r e  w i t h  d e c r e a s i n g  
a r o u s a l .  Thus a t  t h e  p o i n t  where  t h e  m ajor  h e m is p h e r e  c e a s e s  
t o  p r o c e s s  e f f e c t i v e l y  in c o m in g  (or  o u t g o i n g )  i n f o r m a t i o n ,  th e  
m inor  h e m is p h e r e  can s t i l l  do s o  i n  i t s  own h o l i s t i c  manner  
(p .  3 8 i )  .
I f  t h e  r i g h t  h e m is p h e r e  i s  assumed t o  p r o c e s s  a n a l o g u e  i n f o r m a ­
t i o n  b e t t e r  th a n  d i g i t a l  ( l a n g u a g e  c o d e d )  i n f o r m a t i o n  and t h e  r e v e r s e  
assumed f o r  t h e  l e f t  h e m i s p h e r e ,  th e n  Brow n's  c o n t e n t i o n  t h a t  t h e  mind 
can  r e s p o n d  d i r e c t l y  t o  an a b s t r a c t ,  a n a l o g u e  s i g n a l  i s  q u i t e  c o r r e c t . 
The c o n t e n t i o n  t h a t  t h e  f e e d b a c k  s i g n a l  augm en ts  normal p r o p r i o c e p t i v e  
a c t i v i t y  by B a sm aj ian  & Simard and L e i b r e c h t ,  e t  a l . ,  i s  a l s o  c o r r e c t  
i f  t h e  i n d i v i d u a l  d o e s  not  i n t e r f e r e  w i t h  t h i s  p r o c e s s  by a t t e m p t i n g  
t o  v e r b a l l y  c o d e  th e  f e e d b a c k  s i g n a l  and "make s e n s e "  o f  i t .  A t t e m p t i n g  
t o  v e r b a l l y  c o d e  t h e  f e e d b a c k  s i g n a l  i s  s e e n  t o  add s e v e r a l  t im e  c o n ­
suming s t e p s  in  t h e  i n f o r m a t i o n  p r o c e s s i n g  c i r c u i t  a s  f o l l o w s :  in p u t
o f  a n a l o g u e  f e e d b a c k  s i g n a l  —̂ t r a n s l a t i o n  o f  a n a l o g u e  s i g n a l  i n t o  
d i g i t a l  ( l a n g u a g e )  s i g n a l —^ p r o c e s s i n g  o f  d i g i t a l  s i g n a l  —̂ t r a n s l a t i o n  
o f  d i g i t a l  s i g n a l  i n t o  a n a l o g u e  s i g n a  1 —̂ p r o c e s s i n g  o f  a n a l o g u e  s i g n a l  
—̂ o u t p u t  o f  b e h a v i o r —^ i n p u t  o f  a n a l o g u e  s i g n a l ,  e t c .  The d e l e t e r i o u s  
e f f e c t  o f  d e l a y e d  f e e d b a c k  i s  w e l l  documented and t h e  d e l a y  may n o t  be 
o f  any c o n s i d e r a b l e  d u r a t i o n  t o  d i s r u p t  t h e  l e a r n i n g  p r o c e s s  i n v o l v e d  i n  
BFT.
A d i s t i n c t i o n  s h o u l d  be made a t  t h i s  p o i n t  b e tw e e n  t h e  p r o c e s s  o f  
l e a r n i n g  the  r e s p o n s e  and th e  p r o c e s s  o f  e x e c u t i n g  t h e  r e s p o n s e  a t  t h e  
s u b j e c t ' s  corm an d . The above  d i s c u s s i o n  i s  c o n c e r n e d  w i t h  t h e  a c q u i s i ­
t i o n  o f  an e n t i r e  n e u r o p s y c h o l o g i c a l  program.  Once t h e  program and i t s
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i n f o r m a t i o n  p r o c e s s i n g  c i r c u i t s  have  been  deb ugged  and a r e  s t a b l e ,  th e n  
th e  e n t i r e  program can  be v e r b a l l y  cod ed  and e x e c u t e d  en  m asse  when 
c u e d .  The e f f e c t i v e n e s s  o f  c u e - c o n t r o l  led  r e l a x a t i o n  has  b een  c l e a r l y  
d e m o n s t r a t e d  by R u s s e l l ,  M i l l e r  & June ( 1 9 7 5 )  and o t h e r s .  I t  i s  c o n ­
te n d e d  t h a t  Lhe i n t r o d u c t i o n  o f  v e r b a l  c o d i n g  i n t o  th e  r e s p o n s e  a c q u i s i ­
t i o n  p r o c e s s  a t  t o o  e a r l y  a s t a g e  would be d i s a d v a n t a g e o u s .  The 
p a r a m e te r s  o f  when and o f  what ty p e  o f  v e r b a l  c o d i n g  can be i n t r o d u c e d  
i n t o  EMG BFT a r e  a t  p r e s e n t  u n i n v e s t i g a t e d .
In P r o g r e s s i v e  R e l a x a t i o n  l e f t  h e m i s p h e r i c  a c t i v i t y  i s  d i s c o u r a g e d  
and i n  l i g h t  o f  L u r i a ' s  comment t h e  r i g h t  h e m is p h e r e  would  a p p e a r  t o  be 
e x t e n s i v e l y  i n v o l v e d  i n  t h e  p r o c e s s  o f  r e l a x a t i o n  v i a  P r o g r e s s i v e  R e l a x ­
a t i o n .  A u t o g e n i c  T r a i n i n g  a l s o  a p p e a r s  t o  i n v o l v e  r i g h t  h e m is p h e r e  
a c t i v i t y  but v i a  t h e  mechanism o f  a r e p e t i t i v e  p h r a s e  and e n c o u r a g e d  
s u s p e n s i o n  o f  a c t i v e ,  g o a 1 - o r i e n t e d  c o g n i t i v e  a c t i v i t y .  The p ro p o sed  
mechanism u n d e r l y i n g  t h e  e f f e c t s  o f  A u t o g e n i c  T r a i n i n g  and P r o g r e s s i v e  
R e l a x a t i o n  i n v o l v e s  two c o m p o n e n t s .  One i s  s h i f t i n g  t h e  i n d i v i d u a l  i n t o  
a p a t t e r n  o f  c o g n i t i v e  p r o c e s s e s  p r e d o m i n a n t l y  r i g h t  h e m i s p h e r i c  i n  
n a t u r e ,  which  b o th  a p p e a r  t o  do  t o  some e x t e n t .  The s eco n d  component  
i n v o l v e s  v o l i t i o n ,  c o n s c i o u s n e s s  and s u b c o r t i c a l  s t r u c t u r e s .
G reen ,  e t  n l . ' s  ( 1 9 7 4 )  s t a t e m e n t  t h a t  s u b j e c t s  a p p ea r  t o  be a b l e  t o
s e l f - p r o g r a m  t h e m s e l v e s  i n  l e a r n i n g  v o l u n t a r y  c o n t r o l  o f  a p h y s i o l o g i c a l
p r o c e s s  i s  a c c o u n t e d  f o r  by S p e r r y ' s  ( 1 9 7 6 )  s t a t e m e n t  t h a t ,
C o n s c i o u s  phenomena,  th u s  c o n c e p t u a l i z e d  a s  dynamic  em ergen t  
p r o p e r t i e s  o f  h ig h  o r d e r  c e r e b r a l  p r o c e s s e s ,  a r e  n o t  m e r e ly  
p r o d u c t s  o f  n e u r a l  c o m p l e x i t y  but a r e  a l s o  d e s i g n e d  t o  prod uce  
o p e r a t i o n a l  s u b j e c t i v e  e f f e c t s .  . . . C o n s c i o u s  c e r e b r a l  p r o ­
c e s s e s ,  a s  dynamic e n t i t i e s  i n  b r a i n  a c t i v i t y ,  c o n t a i n  e n t i t i v e  
s y s t e m i c  p r o p e r t i e s  t h a t  e x e r t  c o n t r o l l i n g  i n f l u e n c e  o v e r  many 
a s p e c t s  o f  t h e  component p l iy s i o c h e m ic a  1 e l e m e n t s  o f  w h ich  t h e y
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a r o  b u i l l .  As w i t h  any  p a r t - w h o l e  r e l a t i o n s h i p ,  a m utual  i n t e r ­
a c t i o n  p r e v a i l s  i n  w h ich  t h e  c o n s c i o u s  m e n t a l  e f f e c t s  a r e  
d e t e r m i n e d  by th e  n e u r a l  e v e n t s ,  i n c l u d i n g  t h e i r  m o l e c u l a r  and  
a t o m i s t i c  c o m p o n e n t s ,  w h i l e  t h e s e  l a t t e r  i n  tu rn  a r e  r e c i p r o c a l l y  
c o n t r o l l e d  by t h e  h i g h e r  H o l i s t i c  or s y s t e m i c  p r o p e r t i e s  o f  th e  
c o n s c i o u s  c e r e b r a l  p r o c e s s  in  w h ich  t h e y  a r e  embedded (p .  4 6 4 ) ,
B en son ,  Beary  f* C a ro l  ( 1 9 7 4 )  have  r e v i e w e d  many c o g n i t i v e  s t r a t e g i e s  f o r  
a c h i e v i n g  r e l a x a t i o n  and most o f  them i n v o l v e  p r e d o m i n a n t l y  r i g h t  herai - 
p h e r i c  a c t i v i t y .  They have a l s o  s u g g e s t e d  t h a t  a common n e u r o l o g i c a l  
p r o c e s s ,  a c t i v a t i o n  o f  t h e  a n t e r i o r  h y p o t h a l a m u s ,  p r o d u c e s  th e  r e l a x a ­
t i o n  i n  most  o f  t h e  p r o c e d u r e s .
Thus t h e  u n d e r l y i n g  mechanism w h ich  i s  p r o p o s e d  t o  m e d i a t e  EMG BFT 
a s  w e l l  a s  t h e  e f f e c t s  o f  A u t o g e n i c  T r a i n i n g  and P r o g r e s s i v e  R e l a x a t i o n  
i n v o l v e s  t h e  p e r s o n  making a c o n s c i o u s ,  or p e r h a p s  e v e n  an u n c o n s c i o u s ,  
c h o i c e  t o  r e l a x .  S h i f t i n g  ou t  o f  a l o g i c a l ,  a n a l y t i c a  1_ c o g n i t i v e  mode 
and i n t o  a s y n t h e t i c ,  g e s t a l t  mode o f  c o n s c i o u s n e s s  a p p e a r s  t o  be th e  
n e x t  s t a g e  o f  th e  p r o c e s s .  T h ese  two s t a g e s  e n a b l e  t h e  f o r m a t i o n  o f  a 
n e u r o p s y c h o l o g i c a l  s y s t e m  i n v o l v i n g  p r e d o m i n a n t l y  t h e  r i g h t  h e m is p h e r e  
and th e  s u b c o r t i c a l  s t r u c t u r e s  w h ich  B e n s o n ,  e t  a l .  have  i d e n t i f i e d .
Such a s y s t e m  would f u n c t i o n  on i t s  own u n t i l  i n t e r r u p t e d  or m o d i f i e d .
One o f  t h e  p r o p e r t i e s  o f  s y s t e m s  i n  g e n e r a l  i s  e q u i f i n a l i t y - - t h e  p r o p e r t y  
t h a t  a s y s t e m  can  a r r i v e  a t  t h e  same f i n a l  s t a t e  from many d i f f e r e n t  
s t a r t i n g  p o i n t s  and t h r o u g h  many d i f f e r e n t  p r o c e s s e s .  The q u e s t i o n  o f  
d i f f e r e n t i a l  e f f e c t i v e n e s s  o f  c l a s s e s  o f  l e a r n i n g  s t r a t e g i e s  i n  a i d i n g  
r e l a x a t i o n  becomes  somewhat o f  a moot p o i n t  f o r  t h e  n e u r o p s y c h o l o g i c a l  
s y s t e m  d e s c r i b e d  a b o v e .  F u tu re  r e s e a r c h  i n t o  t h e  mechanisms i n v o l v e d  i n  
EMG BFT and r e l a x a t i o n  m ig h t  most p r o f i t i b l y  f o c u s  on d e t e r m i n i n g  t h e  
e x t e n t  o f  l e f t  and r i g h t  h e m i s p h e r i c  i n v o l v e m e n t .
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With  r e g a r d  t o  t h e  o p t i m a l  s t r a t e g y  t o  p r e s e n t  t o  t h e  c l i e n t  or  
s u b j e c t  en gaged  i n  EMG BFT, i t  i s  s u g g e s t e d  t h a t  h a v in g  t h e  p e r s o n  
program h i m s e l f  t o  r e l a x  t h e  a p p r o p r i a t e  m u s c l e  and t h e n  h a v i n g  th e  
p e r s o n  s h i f t  i n t o  r i g h t  h e m i s p h e r i c  a c t i v i t y ,  or p e r h a p s  s i m p l y  b l o c k  
l e f t  h e m i s p h e r i c  a c t i v i t y ,  would p rod u ce  t h e  b e s t  r e s u l t s .
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APPENDIX 1
Input O-lOv
-6v
2  .  2  mA.
Hi 3  3  OK
N E  5  5  5
L M 3 0 8
lOK
10 l O O p f
-6v-6v
an
speaker 2 N 2 2 2 2
Voltage to Impulse Converter
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APPENDIX 2
INSTRUCTION RESPONSE FORM
ANSWER THE FOLLOWING QUESTIONS BY PLACING A CHECK MARK (vO ON THE 
HORIZONTAL LINES AT THE POINT WHICH BEST INDICATES YOUR ANSWER:
In f o l l o w i n g  t h e s e  i n s t r u c t i o n s ,  th e  b i o f e e d b a c k  s i g n a l  w i l l  be
1____________ 2___________ 3___________ 4___________ 5___________ 6__________7__
not  v e r y
im p o r ta n t  im p o r ta n t
In f o l l o w i n g  t h e s e  i n s t r u c t i o n s  t o  r e l a x  my m u s c l e ,  my t h o u g h t s  
and f e e l i n g s  w i l l  be
1 2___________ 3___________ 4___________ 5___________ 6__________7_
n o t  v e r y
i m p o r t a n t  im p o r ta n t
In f  o l l o w i n g  Lhese i n s t r u c t i o n s  r e m a i n i n g  r e l a t i v e l y  m o t i o n l e s s  w i l l  be
1____________ 2___________ 3___________ 4___________ 5___________ 6__________7__
n o t  v e r y
im p o r t a n t  im p o r ta n t
A c c o r d i n g  t o  th e  i n s t r u c t i o n s ,  l e a r n i n g  how my m u s c le  f e e l s  when 
i t  i s  t e n s e  and when i t  i s  r e l a x e d  i s
1____________ 2___________ 3___________ 4___________ 5___________ 6__________7_
n o t  v e r y
i m p o r t a n t  im p o r ta n t
A c c o r d i n g  t o  th e  i n s t r u c t i o n s ,  p a y in g  c l o s e  a t t e n t i o n  t o  my m u s c le  
s e n s a t i o n s  w i l l  be
I____________ 2____________3___________ 4___________ 5___________ 6__________7__
n o t  v e r y
im p o r ta n t  im p o r ta n t
T h e s e  i n s t r u c t i o n s  t e l l  me t o  be
1___________ 2____________3___________ 4___________ 5___________ 6____________]
a c t i v e  p a s s i v e
d i s i n t e r e s t e d  i n t e r e s t e d
i n  r e s u l t s  i n  r e s u l t s
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